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sequential	 coupling	 of	 three	 different	 electrophiles.	 Preliminary	 mechanistic	 studies	 and	 stoichiometric	
experiments	have	indicated	the	involvement	of	single-electron	transfer	processes	and	the	possible	intermedacy	





Reactivity	 Relay”,	 our	 efforts	 towards	 the	 development	 of	 retained	 and	 remote	 Ni-catalyzed	 amidations	 of	
unactivated	secondary	alkyl	halides	are	divided	into	two	sections.	The	first	describes	the	retained	amidation	of	
unactivated	secondary	alkyl	bromides,	 in	which	 the	unproductive	b-hydride	elimination	 from	secondary	alkyl	
bromides	is	minimized	by	the	use	of	 low	reaction	temperatures	and	fine-tuned	bipyridine-type	ligands.	In	the	








combination	with	aryl	 and	alkyl	 isocyanates.	 The	 sensitivity	 of	 isocyanates	 to	 nucleophiles,	 including	 hydride	
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Recently,	 reductive	 cross-electrophile	 couplings	 have	 become	 powerful	 alternatives	 to	 classical	 cross-
coupling	reactions	for	the	formation	of	both	C—C	and	C—X	bonds.1–3	The	use	of	two	electrophiles	instead	of	an	
electrophile	and	a	nucleophile	offers	numerous	advantages.	For	example,	the	absence	of	strongly	basic	reagents	
allows	 these	reactions	 to	occur	under	milder	conditions,	 resulting	 in	a	broader	 functional	group	 tolerance.	 In	
addition,	 the	 use	 of	 readily	 available	 starting	 materials	 circumvents	 the	 need	 to	 prepare	 air-	 and	 moisture-







molecules	 such	 as	 peptides,	 proteins,	 agrochemicals	 and	 pharmaceuticals,	 as	 well	 as	 in	 synthetic	 materials,	
continually	 prompts	 the	 development	 of	 novel	methods	 for	 amide	 synthesis.	 The	 transformations	 developed	
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One	 of	 the	 limitations	 of	 our	 first	 strategy	was	 that	 unactivated	 acyclic	 secondary	 alkyl	 bromides	 often	
provided	 low	 yields	 of	 the	 desired	 secondary	 amide,	 mainly	 due	 to	 the	 formation	 of	 b-hydride	 elimination	
products.	 This	 initial	 drawback	 was	 successfully	 overcome	 by	 the	 suppression	 of	 the	 undesired	 b-hydride	
elimination	 using	 low	 reaction	 temperatures	 and	 finely-tuned	bipyridine	 ligands.	Under	 our	 newly	 optimized	
reaction	conditions,	high	yields	of	the	corresponding	amides	were	obtained	with	a	wide	range	of	secondary	alkyl	
bromides	 possessing	 different	 substitution	 patterns	 and	 functional	 groups.	 The	 Ni-catalyzed	 chain-walking	
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L4, R3, R4 = Me; R5 = Ph
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Our	final	venture	into	amide	formation	focused	on	the	synthesis	of	acrylamides	via	the	hydroamidation	of	
alkynes	using	isocyanates	 (Scheme	4).10	At	 the	outset	of	 these	studies,	one	of	 the	primary	challenges	was	 the	








highly	unlikely,	 since	no	product	was	detected	 in	stoichiometric	 reactions	 in	 the	absence	of	a	hydride	source.	
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■ Preliminary mechanistic studies
Ni(L5)2 (1.0 equiv) Mn (x equiv), no i-PrBr
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Metal-catalyzed	 cross-coupling	 reactions	 have	 revolutionized	 the	 way	 chemists	 build	 C—C	 and	 C—
heteroatom	bonds	in	organic	molecules.1	These	transformations	are	based	on	the	union	of	an	organic	electrophile	
with	a	nucleophilic	 (organometallic)	 reagent	 through	 the	 formation	of	C—metal	bonds	 (Scheme	1.1,	 left).	The	





Heck,	 Ei-ichi	 Negishi	 and	 Akira	 Suzuki,	 for	 their	 discoveries	 in	 Pd-catalyzed	 cross-coupling	 reactions	 for	 the	
formation	of	C—C	single	bonds.2		
	
One	 of	 the	 drawbacks	 associated	 with	 traditional	 cross-coupling	 reactions	 is	 that,	 in	 many	 cases,	 the	
organometallic	reagent	needs	to	be	prepared	from	organic(pseudo)halides	by	metallation	reactions,	which	adds	
an	extra	synthetic	step.	Additionally,	the	sensitivity	of	most	organometallic	species	requires	the	rigorous	exclusion	






the	wide	 commercial	 availability	 of	 organic	 halides	 compared	 to	 organometallic	 reagents,	 and	 the	 enhanced	














selectivity dictated by different chemical reactivity
Traditional cross-couplings
additional step needed to prepare organometallic reagent







X = I, Br, Cl, OTf… M = B, Sn, Zn, Si… cross-coupling
product
use of stable and widely comercially available reagents
selectivity towards cross-coupled product often challenging











UNIVERSITAT ROVIRA I VIRGILI 
AMIDE FORMATION VIA NI-CATALYZED REDUCTIVE COUPLING REACTIONS WITH ISOCYANATES 






In	 the	 last	 decades,	 the	 successful	 development	 of	 catalytic	 cross-electrophile	 couplings	 has	 made	 the	
formation	of	C(sp2)—C(sp3),	C(sp2)—C(sp2)	bonds,	and	although	less	developed,	even	C(sp3)—C(sp3)	bonds,	from	








In	 traditional	metal-catalyzed	 cross-coupling	 reactions,	 the	 selective	 formation	 of	 cross-coupled	products	
relies	on	the	different	chemical	nature	of	the	nucleophile	and	electrophile	used	as	starting	materials.	These	react	
with	the	transition	metal-catalyst	via	distinct	pathways	(i.e.	transmetallation	and	oxidative	addition),	providing	
high	 selectivity	 towards	 the	 desired	 product.	 In	 contrast,	 the	 coupling	 partners	 used	 in	 cross-electrophile	
couplings	have	similar	reactivities,	which	often	lead	to	undesired	homocoupling	reactions	instead	of	the	formation	











These	 processes	 fall	 into	 the	 category	 of	 cross-electrophile	 coupling	 reactions,	 in	 which	 a	 reducing	 agent	 is	
required	to	drive	the	reaction	forward.	The	efforts	carried	out	by	our	group	have	allowed	to	couple	CO2	with	aryl	
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synthetic	 applications.	 However,	 over	 time,	 a	 variety	 of	 synthetically	 useful	 and	 robust	 Ni-catalyzed	




Mizoroki-Heck	 reaction,	 reductive	 cross-coupling	 reactions,	 C—O22	 and	 C—N23	 bond	 activations,	 C—H	 bond	
functionalizations,	 asymmetric	 couplings,24	 and	 metallaphotoredox	 reactions,25	 among	 others.	 The	 utility	 of	
nickel-catalyzed	transformations	is	demonstrated	in	industrial	applications	such	as	the	Shell	Higher	Olefin	Process	
(SHOP)	 for	 the	 production	 of	a-olefins	 and	 DuPont’s	 hydrocyanation	 of	 butadiene	 for	 adiponitrile	 synthesis.	






0, +1, +2, +3, +4 0, +1, +2, +3, +4 
 
Atomic radius 






relatively more reactive than Pd 
bond strength Ni—C < Pd—C 
relatively more reactive than Pt 
bond strength Pd—C < Pt—C 
 
Polar or radical pathways 
radical pathways favored 
homolytic cleavage trend Ni—C > Pd—C 
two-electron (polar) pathways more common 
homolytic cleavage trend Pd—C > Pt—C 
 
Favored elementary steps 
facile oxidative addition 
facile migratory insertion 
facile reductive elimination 
facile b-hydride elimination 
 
 
Binding to unsaturated compounds 
strong binding 
binding to alkenes: DE = 34.3 kcal/mol 
binding to alkynes: DE = 41.6 kcal/mol 
less favored binding 
binding to alkenes: DE = 16.1 kcal/mol 
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pathways	 via	 homolytic	 bond	 cleavage.	 The	 loss	 of	 electron	density	 on	 the	metal	 during	 oxidative	 addition	 is	
facilitated	 by	 the	 more	 electropositive	 character	 of	 Ni	 compared	 to	 Pd.	 Conversely,	 a	 more	 facile	 reductive	
elimination	is	observed	with	the	latter.	Pd—alkyl	complexes	are	more	prone	to	b-hydride	elimination	than	Ni—
alkyl	species	due	to	a	better	agostic	interaction	resulting	from	the	more	effective	s-donation	of	the	C—Hb	s-bond	


















bottom).	 Indeed,	 an	 analysis	 of	 known	 drug	 databases	 carried	 out	 in	 1999	 showed	 that	 about	 25%	 of	 all	
commercialized	pharmaceuticals	contained	amide	bonds.31	In	2003,	this	functional	group	was	present	in	9	out	of	

















































































Resonance Structures of Amides
trans-amides cis-amides
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	a)	 condensation	of	 (activated)	 carboxylic	 acid	derivatives,	b)	Beckmann	 rearrangement,	c)	 addition	 to	ketenes,	d)	Boyer-
Schmidt-Aubé	rearrangement,	e)	Ritter	reaction,	f)	oxidative	coupling	of	a-halo-nitro	compounds,	g)	hydration	of	nitriles,	h)	










been	 developed,	 and	 overall,	 the	 advances	 achieved	 in	 the	 field	 currently	 give	 access	 to	 a	 large	 variety	 of	
peptides.36–38	Nevertheless,	this	classical	route	to	amide	bonds	encounters	significant	drawbacks	for	the	synthesis	
of	highly	hindered	amides,	is	limited	to	the	use	of	nucleophilic	amines,	has	low	atom-economy,	and	generates	by-
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and	 chemical	 ligation	 techniques	 for	 long	 peptide	 synthesis.42,43	 In	 2007,	 the	 ACS	 Green	 Chemistry	 Institute	
Pharmaceutical	Roundtable	listed	the	development	of	“amide	formation	avoiding	poor	atom	economy	reagents”	























their	 reactivity,	with	 a	 particular	 interest	 in	 their	 reactions	with	 amines	 and	 alcohols,	 to	 generate	 ureas	 and	
carbamates,	as	well	as	in	their	dimerization	and	trimerization	reactions.	The	discoveries	made	by	O.	Bayer	in	1937	
on	 the	 synthesis	 of	 polyurethanes	 by	 polymerization	 reactions	 of	 diisocyanates	and	diols,	 ushered	 the	 use	 of	











Ni catalyst catalystR [M] or
Ar I + Zn
R
base














CpZr(H)Cl P2O5 Br2 + NaOH LiAlH4
R MgX or
R Li





UNIVERSITAT ROVIRA I VIRGILI 
AMIDE FORMATION VIA NI-CATALYZED REDUCTIVE COUPLING REACTIONS WITH ISOCYANATES 







Nowadays,	 numerous	 aromatic	 and	 aliphatic	 isocyanates	 are	 commercially	 available.	 Their	 large-scale	
industrial	 synthesis	 still	mainly	 relies	 on	 phosgenation	reactions	 of	amines	 or	 amine	 salts,	 or	 on	 the	 thermal	
cleavage	of	urethanes	(Scheme	1.6,	bottom).	Other	phosgene-free	methods	have	extensively	been	studied,	but	their	
use	in	industry	has	not	been	widely	adopted.51	On	a	laboratory	scale,	aryl	and	alkyl	isocyanates	can	be	prepared	












The	 activation	 of	 isocyanates	 by	metal	 salts	 has	 been	 exploited	 for	 the	 synthesis	 of	 industrially	 relevant	






















Phosgenation of free amines

































LnM2 = e- rich, Lewis base
LnM3 = e- poor, Lewis acid
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and	 related	 ring-strained	 compounds,64–66	and	 the	 generation	 of	 heterocyclic	 frameworks	 via	metal-catalyzed	
cycloadditions,	where	isocyanates	serve	as	2π-components,	including	asymmetric	methods	and	their	use	in	the	
total	 synthesis	 of	 natural	 products.67–69	 Furthermore,	 isocyanates	 also	 serve	 as	 amide	 synthons	 in	 the	 direct	
addition	of	organometallic	species,	or	in	metal-catalyzed	cross	couplings	and	C—H-functionalization	reactions.70	


















The	 pioneering	work	 of	 Gilman	 on	 the	 addition	 of	 organolithium	 reagents	 to	 isocyanates82	 inspired	 the	












1.21.1 1.3−78 °C to rt
0.25 M in Et2O
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less	 sterically	 hindered	 primary	 carbon.	 A	 final	 isocyanate	 insertion	 and	 transmetalation	 affords	 the	 desired	
compound	and	regenerates	the	Ti-catalyst.	In	a	later	report,	the	authors	showed	that	carrying	out	the	reaction	at	







Two	 decades	 after	 this	 work,	 Mori	 and	 co-workers	 reported	 the	 first	 rhodium-catalyzed	 arylation	 and	
alkenylation	 of	 isocyanates	 using	 organostannanes	 (Scheme	 1.9).92	 The	 need	 for	 a	 protic	 source	 to	 promote	
catalyst	turnover	in	rhodium-catalyzed	couplings	posed	a	challenge	for	the	use	of	isocyanates,	as	these	reagents	
are	prone	to	decompose	to	the	corresponding	primary	amine	under	protic	conditions.	Although	the	addition	of	



























































■ From branched alkylmagnesium bromides
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The	 use	 of	 boronic	 acid	 derivatives	 over	 other	 organometallic	 reagents	 has	 numerous	 advantages;	 these	
include	their	commercial	availability,	stability,	lower	toxicity,	and	the	functional	group	compatibility	afforded	by	
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amidate.	 Therefore,	 high	 reaction	 temperatures	 and	 relatively	 long	 reaction	 times	were	 needed	 to	 favor	 the	









amines.	 Specifically,	 these	 catalytic	 methods	 offer	 an	 effective	 way	 to	 access	 benzamides	 bearing	 different	
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and	 acrylamides	 remains	 limited	 to	 a	 few	 examples,	 probably	 due	 to	 the	more	 difficult	 preparation	 of	 alkyl	
organometallic	reagents	and	the	lower	reactivity	of	both	alkyl	and	alkenyl	nucleophiles.	
 
In	 this	 regard,	 Nakamura	 and	 co-workers	 reported	 three	 discrete	 examples	 of	 the	 Pd-catalyzed	 three-
component	coupling	of	allylstannanes,	allyl	chlorides	and	isocyanates	to	afford	N-tertiary	aliphatic	amides,	as	part	
of	their	extensive	studies	on	the	reactivity	of	bis-π-allylpalladium	complexes	(Scheme	1.12).97	In	parallel,	Solin	and	
co-workers	 extended	 the	 scope	 of	 the	 transformation	 by	 using	 p-toluenesulfonyl	 isocyanate	 (1.2t)	 to	 afford	
bisallylated	amides	with	high	regioselectivity	(Scheme	1.13).98	A	fine-tuning	of	the	substituents	on	both	coupling	
partners	 was	 found	 to	 be	 essential.	 Otherwise,	 mixtures	 of	 regioisomers	 and	 homo-coupling	 products	 were	


































































































1.9h, 52%, E/Z = 5:1
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unsaturated	 hydrocarbons	 as	 pro-nucleophiles	 has	 several	 advantages,	 such	 as	 atom-economy,	 no	 need	 for	
substrate	 pre-functionalization,	 and	milder	 reaction	 conditions.	 Seminal	 studies,	 performed	 in	 the	 1980’s,	 by	


































































































































































UNIVERSITAT ROVIRA I VIRGILI 
AMIDE FORMATION VIA NI-CATALYZED REDUCTIVE COUPLING REACTIONS WITH ISOCYANATES 






catalytic	 conditions	 used	 a	 cationic	 Rh(I)-complex	 bearing	 monodentate	 phosphine	 ligands,	 as	 bidentate	
phosphines	needed	longer	reaction	times	and	afforded	lower	yields	of	the	desired	product.	Although	the	reaction	
was	 limited	 to	 unsubstituted	 or	 β-methyl-substituted	 α,β–unsaturated	 esters,	 the	 reaction	 was	 highly	






insertion	 of	 the	 α,β–unsaturated	 carbonyl	 compound	 generates	 a	 Rh-enolate	 intermediate,	 which	 defines	 the	
regioselectivity	of	 the	 reaction.	Next,	 coordination	of	 the	 isocyanate,	 intramolecular	nucleophilic	attack	 to	 the	
electrophilic	 carbon	 center,	 and	 a	 final	 reductive	 elimination	 afford	 the	 silyl	 imidate	 intermediate	 while	
regenerating	the	Rh(I)-complex.	High	reaction	temperatures	were	required	to	achieve	high	yields	of	the	desired	












the	 results	 obtained	by	Hoberg;	NHCs	afforded	1,1-disubstituted	acrylamides,	whereas	 the	 phosphine	 ligands	
employed	 by	 Hoberg	 afforded	 trans-disubstituted	 α,β-unsaturated	 amides.	With	 this	 new	 system,	 a	 range	 of	
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conditions.	 Unfortunately,	 the	 use	 of	 other	 isocyanates	 gave	 oligomerization	 side-products,	 and	 attempts	 to	
suppress	the	background	NHC-catalyzed	trimerization	of	the	isocyanates	by	pre-forming	the	Ni-complex	led	to	no	
improvement.116	The	observed	regioselectivity	for	the	formation	of	1,1-disubstituted	acrylamides	was	proposed	




synthesis	of	 indole,	pyrrole	and	hydantoin	derivatives	 through	 tandem	reactions.	Given	 the	importance	of	 the	









functionalization	 was	 possible	 using	 B2pin2	 as	 coupling	 partner	 under	 Rh-catalysis	 to	 afford	 E-borylated	 3-
alkylideneoxindoles	 (path	 c).119	 The	 use	 of	 primary	 and	 secondary	 amides	 gave	 access	 to	 3-
(amidoalkylidene)oxindoles	having	the	amino	substituent	cis-	to	the	carbonyl	group	(path	d).120	As	expected,	the	
use	of	primary	amines	such	as	aniline,	afforded	low	yields	of	the	product	along	with	the	direct	addition	of	the	
amine	 to	 the	 isocyanate	 group.	 The	 incorporation	 of	 sulfanyl	 and	 alkoxyl	 groups	 on	 the	 alkylidene	 unit	 was	
possible	when	 thiols	and	alcohols	were	used	 in	 the	cyclization	reaction	 (paths	e	and	 f).121	 Interestingly,	when	
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and	 isocyanates	 (Scheme	 1.17).124	 Seminal	 reports	 by	 Hoberg	 indicated	 that	 1,3-diphenyl-6-
methoxycarbonyldihydropyrimidine-2,4-dione	could	be	obtained	through	the	Ni-catalyzed	[2+2+2]	cycloaddition	
of	one	molecule	of	methyl	acrylate	and	two	molecules	of	phenyl	isocyanate	when	a	Ni(0)/PCy3	catalytic	system	






adds	 to	 the	 second	 isocyanate	 molecule.	 A	 final	 cyclization	 of	 the	 anion	 into	 the	 double	 bond	 followed	 by	
protonation	generate	the	desired	product.	This	mechanistic	proposal	 is	supported	by	time-dependent	1H-NMR	
studies	and	by	the	isolation	of	a	fumarate	intermediate	after	short	reaction	times,	which	when	re-subjected	to	the	
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(1.5 to 1.8 equiv)
(XXVIII)(XXX)
(XXIX)
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1.3bj, X = I, 34%
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the	 inclusion	 of	 K2HPO4	 as	 an	 additive	 strongly	 influenced	 the	 efficiency	 of	 the	 reaction	 by	 diminishing	 the	
formation	of	undesired	carbamate	and	isocyanurate	side-products.	However,	only	low	yields	of	the	desired	amides	






















isocyanates	 to	 generate	 aliphatic	 amides	 under	 a	 cooperative	 nickel/photoredox	 catalytic	 system	 (Scheme	
X










































K2HPO4 (0 or 2.0 equiv)
 Mn or Zn (2.0 equiv)
DMF or DMA, rt - 90 °C
dppf (20 mol%)
NaI (0 or 1.0 equiv)
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yields	 of	 the	 desired	 products	 were	 usually	 obtained,	 the	 mild	 reaction	 conditions	 associated	 with	

















radical	 to	 this	 intermediate	 affords	a	Ni(III)	 center.	 Subsequent	 reductive	 elimination	 and	protonation	 by	 the	
ammonium	salt	generates	the	desired	product	and	a	Ni(I)	species,	which	is	reduced	by	the	photocatalyst	to	close	
both	catalytic	cycles.	The	proposed	mechanism	was	further	supported	by	preliminary	computational	studies	that	
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using	CO2	for	 the	synthesis	of	 carboxylic	acids.	Given	 that	 this	functional	group	 is	very	often	converted	 to	 the	
corresponding	amide	via	the	above-mentioned	condensation	reactions,	we	postulated	that	related	motifs	could	be	
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of	 the	M—C	bond	 that	generates	alkyl	 radical	 species	 that	 can	dimerize	or	abstract	hydrogen	atoms	 from,	 for	













(NHC)	 ligands	 have	 proven	 to	 be	 particularly	 efficient.3,11	 Nowadays	 the	 metal-catalyzed	 cross-coupling	 of	
unactivated	primary,	secondary	and	tertiary	alkyl	halides	with	a	large	series	of	nucleophiles	is	well	established.	
Several	 examples	 of	 Kumada,	 Suzuki-Miyaura,	 Negishi,	 Hiyama,	 Stille,	 carbonylation	 protocols	 and	
enantioselective	methods,	among	others	have	been	reported.12	Moreover,	their	use	in	reductive	cross-electrophile	
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The	 oxidative	 addition	 of	 C(sp3)-electrophiles	 is	 generally	 proposed	 to	 follow	 a	 nucleophilic	 substitution	
pathway	 (SN2)	with	 palladium	complexes,	 in	which	 inversion	 of	 the	 configuration	 is	 observed.19,20	 A	 different	
activation	upon	light	irradiation	has	been	proposed	for	alkyl	iodides	in	which	radical	intermediates	are	involved.21	











or	metal-catalyzed	methods	 in	 combination	with	 stoichiometric	 reducing	 agents,	 the	 use	 of	 unactivated	 alkyl	





















added	 organic	molecules.	 The	 use	 of	 transition	metals	 that	 coordinate	 and	 activate	 CO2	 is	 a	 useful	means	 to	
surmount	its	thermodynamic	and	kinetic	stability.	Our	research	group	has	been	interested	in	the	development	of	
electrophile
TM catalysts: Ni, Pd, Co, Fe…
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isoelectronic	 nature	 of	 isocyanates	and	CO2,	 part	 of	work	 developed	 in	 the	Martin	 group	 for	 the	Ni-catalyzed	
synthesis	of	carboxylic	acids	via	reductive	cross-electrophile	couplings	with	CO2	will	be	described.		
	
In	 2014,	 the	 Martin	 group	 reported	 the	 carboxylation	 of	 unactivated	 alkyl	 (pseudo)halides	 using	 CO2	 at	



















mild	 conditions,	 our	 group	 reported	 the	 carboxylation	 of	 unactivated	 primary,	 secondary	 and	 tertiary	 alkyl	










Ni source (10 mol%)
ligand (22 or 26 mol%)
Mn (2.2 or 2.4 equiv)
DMF or DMA
+ OCO
rt or 50 °C
2.3
R1 = Me, L2
R1 = Et, L1
NN
R1 R1





X = Br, 74%a






2.4b, X = Br, 66%a

















2.4e, X = Br, 62%a
12 h
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mixture.44	The	possible	formation	of	µ-halide	bridging	complexes	could	indicate	the	involvement	of	inner-sphere	
electron	 transfer	 processes,	 which	 are	 often	 faster	 than	 outer-sphere	 processes.45,46	 In	 accordance	 with	 the	
carboxylation	 of	 alkyl	 bromides,	 ortho-substituted	 phenanthroline-type	 ligands	 were	 essential	 for	 the	
carboxylation	 to	 occur,	 and	 the	 use	 of	 deuterium-labeled	 alkyl	 chlorides	 led	 evidence	 that	 oxidative	addition	
occurs	 via	 SET	 and	 the	 intermediacy	 of	 Ni(I)	 species.	 Stoichiometric	 reactions	 with	 Ni(0)(L3)2	 showed	 that	
carboxylation	takes	place	in	the	absence	of	TBAB;	suggesting	that	no	Cl/Br	exchange	is	necessary	to	generate	the	











Scheme	2.5	 shows	 the	 currently	 proposed	mechanism	 for	 the	Ni-catalyzed	carboxylation	 of	 alkyl	 halides.	
Although	 preliminary	 studies	 have	 helped	 gather	 some	 information	 about	 the	 operating	 pathways,	 the	 full	
mechanistic	picture	remains	unclear.	Even	though	the	intermediacy	of	Ni(I)	species	preceding	CO2	insertion	has	
been	 postulated	 before	 in	 the	 Ni-catalyzed	 formation	 of	 benzoic	 acids	 by	 electrochemical	 methods,48	 or	 in	
reductive	 cross-coupling	 methods	 with	 activated	 substrates,43,49	 further	 in-depth	 experiments	 need	 to	 be	
performed	 in	 order	 to	 clarify	whether	 CO2	 insertion	 takes	 place	 from	 alkyl—Ni(II)	 or	—Ni(I)	 species.	 Other	
questions	 that	 remain	 unanswered	 are,	 for	 example,	 the	 nature	 of	 the	 active	 catalytic	 species;	 the	 possible	
involvement	 of	 the	 ligands	 in	 the	 redox	 process;50	 whether	 the	 proposed	 alkyl—Ni(I)	 species	 formed	 via	
comproportionation	with	Ni	complexes	or	by	SET	from	the	reducing	agent;	whether	CO2	insertion	occurs	via	an	
inner-sphere	 or	 an	 outer-sphere	 mechanism;	 and	 whether	 the	 intermediacy	 of	 alkylmanganese	 species	 can	
completely	be	discarded.	Additionally,	 it	 is	possible	 that	 the	carboxylation	of	primary,	 secondary	and	 tertiary	
halides	follow	different	pathways.51	
	







1 = H, L3
R1 = Me, L4
NN
n-Bu n-Bu
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in	 which	 CO2	 insertion	 occurred	 at	 a	 distal	 position	 (Scheme	 2.6).	 The	 use	 of	 differently	 substituted	












deuterium-labeled	 primary	 alkyl	 bromide	was	 observed	 to	 occur	with	 inversion	 of	 the	 configuration,	 and	 no	
inhibition	was	 observed	when	 radical	 scavengers	were	 added	 to	 the	 reaction.	 In	 the	 case	 of	 secondary	 alkyl	
bromides,	the	observation	that	the	reaction	was	completely	inhibited	upon	the	addition	of	radical	scavengers	and	
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Ni source (3 or 10 mo%)
ligand (7 or 20 mol%)




X = Cl, 2.5




rt or 60 °C
R2 R2
R2
X = Br, 79%




















X = Br, 87%




X = Br, 2.1
X = Br, 82%
HO2C
2.6c




X = Br, 87%







X = Br, 86% (4:1)a




X = Br, 46% (>95:5)a




X = Br, 44% (>95:5)c
2.6h:2.6h’
R1 = n-Bu, R2 = Ph, L3
R1 = Me, R2 = H, L2
L4
R1 = H, R2 = Ph, L6
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The	 choice	 of	 2.7b	 for	 the	 screening	 of	 reaction	 conditions,	 and	 subsequent	 preparative	 scope	 of	 alkyl	
bromides	has	several	advantages.	Specifically,	the	use	of	2.7b	in	the	synthesis	of	acrylamides	from	a-olefins	and	
isocyanates	 by	 Jamison	 and	 co-workers67	 demonstrated	 the	 successful	 application	 of	 this	 isocyanate	 in	 Ni-























Ni-catalyzed reductive amidation of unactivated alkyl bromides (this chapter)
Ni
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products	was	diminished68	–	probably	due	 to	 the	steric	hindrance	 imparted	by	 the	tert-butyl	 substituent	 that	
prevents	 isocyanurate	 formation	 and	 related	 oligomerization	 reactions.	 Moreover,	N-primary	 amides	 can	 be	
readily	obtained	by	deprotection	of	the	tert-butyl	group	under	Brønsted	or	Lewis	acid	conditions.69,70	
	
The	 fine-tuning	of	 the	 reaction	conditions	with	 the	second	model	 system	was	based	on	 the	results	of	 the	
preliminary	screening	with	cyclohexyl	 isocyanate.	Our	 first	efforts	 focused	on	 the	 identification	of	an	optimal	














lower	 yields	 of	 the	 desired	 amide	were	 obtained	using	phenanthroline-type	 ligands	 (entries	 1	 to	 7),	whereas	
terpyridines	or	phosphines	gave	no	desired	product	but	led	to	full	conversion	of	the	alkyl	bromide	to	undesired	
products,	instead	(entries	8	and	9).	Finally,	6-methyl-2,2’-bipyridine	(L8)	(entry	2)	was	identified	as	the	optimal	

























































Isocyanate oligomerization, reduction & urea formation
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1	 2,2’-bipyridine	(L7)	 100	 39	
2	 6-methyl-2,2’-bipyridine	(L8)	 100	 95	(86)b	
3	 6,6’-dimethyl-2,2’-bipyridine	(L9)	 100	 55	
4	 4,4’-di-tert-butyl-2,2’-bipyridine	(L10)	 3	 0	
5	 1,10-phenanthroline	(L11)	 11	 0	
6	 neocuproine	(L2)	 100	 33	
7	 bathocuproine	(L5)	 100	 30	
8	 6.6’’-dimethyl-2,2':6',2''-terpyridine	(L12)	 100	 0	













Entry	 Solvent	 Conversion	of	2.1a	(%)a	 Yield	of	2.8b	(%)a	
1	 DMF	 100	 97	
2	 DMA	 100	 90	
3	 NMP	 17	 0	
4	 DMSO	 34	 0	
5	 CH3CN	 0	 0	


















R1, R2, R3 = H, L7
R1 = Me; R2, R3  = H, L8
R4 = Me; R5 = H, L2
R4 = Me; R5 = Ph, L5







R1, R2 = H; R3 = t-Bu, L10
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Entry	 Deviation	from	Standard	Conditions	 Conversion	of	2.1a	(%)a	 Yield	of	2.8b	(%)a	
1	 none	 100	 97	
2	 NiCl2⋅glyme	instead	of	NiBr2		 100	 80	
3	 Ni(COD)2	instead	of	NiBr2	 100	 45	
4	 TDAE	 n.d.	 0	
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higher	 amounts	 of	 undesired	 products	 (entry	 4).	This	 result	 can	 be	 rationalized	 by	 a	 higher	 concentration	 of	




sensitivity	of	 the	 reaction	 to	 traces	of	oxygen	and	moisture,	which	on	 low	scale	could	readily	 lead	 to	catalyst	
decomposition	(entry	5).	Using	lower	amounts	of	Mn	had	an	adverse	effect	(entry	6),	a	result	that	could	probably	
be	expected	as	the	Mn	was	used	without	prior	activation,	and	the	heterogeneity	of	the	reaction	might	prevent	the	
use	 of	 stoichiometric	 amounts	 of	 the	 reducing	 agent.	 Finally,	 full	 conversion	without	 product	 formation	was	
observed	when	(4-iodobutyl)benzene	was	used	as	electrophile.	Instead,	alkenes	were	obtained	as	major	products	
along	with	some	reduced	starting	material	(entry	7).	A	more	positive	result	was	obtained	when	an	alkyl	sulfonate	














reduced	 and	b-hydride	 elimination	 products	 (entry	 5).	 Importantly,	 if	 the	 reaction	was	 carried	 out	 under	air,	
instead	of	argon,	no	reactivity	was	observed	(entry	6).		
	
Entry	 Deviation	from	Standard	Conditions	 Conversion	of	2.1a	(%)a	 Yield	of	2.8b	(%)a	
1	 none	 100	 95	
2	 1	equiv	instead	of	1.5	equiv	of	2.7b	 100	 86	
3	 3.0	mol%	instead	of	4.5	mol%	of	ligand	L8	 100	 85	
4	 5	mol%	of	NiBr2	and	10	mol%	of	L8	 100	 86	
5b	 1	mol%	of	NiBr2	and	1.5	mol%	of	L8	 0	 0	
6	 1.2	equiv	instead	of	1.5	equiv	Mn	 100	 89	
7	 (4-iodobutyl)benzene	instead	of	2.1a	 100	 0	
8	 4-phenylbutyl-4-methylbenzenesulfonate	 100	 40	
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of	unactivated	primary	alkyl	bromides	 in	combination	with	 tert-butyl	 isocyanate	 (2.7b).	 In	 line	with	 the	mild	
reaction	 conditions,	 characteristic	 of	 reductive	 cross-coupling	 protocols,	 the	 transformation	 allowed	 for	 the	















































































Entry	 NiBr2	 L8	 Mn	 Conversion	of	2.1a	(%)a	 Yield	of	2.8b	(%)a	
1	 	 	 	 100	 95	
2	 		 	 	 0	 0	
3	 	 		 	 29b	 0	
4	 	 	 		 0	 0	
5c	 	 	 	 80b	 0	
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nitriles	 (2.8m),	esters	 (2.8d,	2.8j,	2.8n),	 amides	 (2.8o)	and	 furans	 (2.8j)	were	well	 tolerated.	Albeit	 in	 lower	











substrates	full	 conversion	 into	complex	mixtures	of	unidentified	products,	dimers,	alkenes,	and	 in	some	cases	
amides	were	obtained.	For	example,	functional	groups	used	in	metal-catalyzed	cross-coupling	reactions	such	as	
aryl	iodides	(2.1ac),	tosylates	(2.1ad)	and	bromides	(2.1ae,	2.1af)	failed	to	afford	the	desired	amides.	Complex	














































■ Full conversion to complex mixtures















■ Recovered starting material
Me










2.1ac 2.1ad 2.1ae 2.1af
2.1ag 2.1ah 2.1ai 2.1aj 2.1ak














+ t-Bu N C
O
rt, 16 h2.7b
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reaction	 conditions	 were	 needed	 when	 moving	 away	 from	 tert-butyl	 isocyanate.	 Gratifyingly,	 other	 alkyl	
isocyanates	were	 tolerated,	although	moderate	 to	 low	yields	of	 the	desired	amides	were	obtained	 (2.8a,	2.8t,	
2.8u).	One	of	the	difficulties	of	working	with	alkyl	isocyanates	is	their	high	sensitivity	to	moisture,	which	even	




the	 synthesis	 of	N-aryl-substituted	 amides	 required	 the	 use	 6,6’-dimethyl-2,2’-bipyridine	 (L9)	 as	 ligand,	 and	



























2.72.1a R1, R2 = Me, L9






























R (10 to 15 mol%)
NiBr2 (10 mol%)
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It	 is	 important	 to	 mention	 that	 extensive	 screening	 of	 conditions,	 including	 ligands,	 additives,	 solvents,	
reducing	agents,	nickel	sources,	and	other	variables	such	as	the	slow	addition	of	the	isocyanate,	was	performed	
with	phenyl	(2.7ae),	hexyl	(2.7z),	butyl	(2.7y),	and	phenethyl	isocyanate	(2.7aa).	In	all	cases	the	trimerization	of	
the	 isocyanate	 could	 not	 be	 prevented,	 and	 only	 small	 amounts	 of	 the	 desired	 amides	 could	 be	 obtained.	
Furthermore,	no	conversion	of	2.1a	was	observed	when	isothiocyanates	(2.9a	and	2.9b)	were	used	as	starting	
materials.	 The	 presence	 of	 the	 less	 electronegative	 sulfur	 atom	 renders	 the	molecule	 a	 better	s-donor,	 thus	












■ No amide formation




































ligand (4.5 to 30 mol%)
Mn (2.0 equiv)
DMF




1, R2 = Me, L9



















2.7y 2.7z 2.7aa 2.7ab 2.7ac










UNIVERSITAT ROVIRA I VIRGILI 
AMIDE FORMATION VIA NI-CATALYZED REDUCTIVE COUPLING REACTIONS WITH ISOCYANATES 
Eloísa Sofía Serrano Robledo 
Ni-Catalyzed Reductive Amidation of Primary Alkyl Halides with Isocyanates 
	 45	
isocyanates	remains	one	of	the	major	limitations	of	the	developed	amidation	protocol,	as	the	reaction	is	rather	
limited	 to	 the	 use	 of	 bulky,	 electron-rich	 isocyanates.	 Similar	 limitations	 were	 already	 encountered	 for	 the	
amidation	of	a-olefins	by	Jamison	and	co-workers.67		
2.3.3. Synthesis	of	N-Tertiary	and	N-Primary	Amides	
The	 current	 developed	 metal-catalyzed	 amidations	 with	 isocyanates	 often	 result	 in	 the	 formation	 of	 N-
secondary	amides,	except	in	those	cases	were	a	suitable	electrophile	is	present	in	the	starting	material;	such	as	for	












substituted	 amides,	 as	 only	 methyl	 iodide	 afforded	 N-tertiary	 amide	 2.11b.	 The	 obtained	 results	 could	 be	
explained	by	the	steric	hindrance	of	the	bulky	tert-butyl	group,	which	prevents	the	addition	of	bigger	electrophiles	
than	methyl	iodide.	Taking	into	account	that	two	amide	molecules	are	needed	to	complete	the	electron	valence	
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reaction	mixtures	 and	partial	 decomposition	 of	2.8b	were	 observed.	 The	addition	 of	 benzoyl	 chloride	 and	p-
toluene	sulfonyl	chloride	led	to	the	formation	of	5-phenylpentanenitrile,	in	which	a	Von	Braun	amide	degradation	
could	have	taken	place.83	Unfortunately,	for	those	reactions	using	2-methoxyphenyl	isocyanate,	the	use	of	other	






























rt or 50 °C
(XII)
■ No N-tertiary amide formationa






































2.10f 2.10g 2.10h 2.10i
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DMF (0.5 M), rt






















































Cu(OTf)2 (20 mol%) NH
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2.7b, (3 equiv) rt, 16 h
racemic
	
Entry	 Conditions	 Conversion	of	2.1a	(%)a	 Yield	of	2.8b	(%)a	
1	 Control	reaction	(no	radical	scavenger	added)b	 100	 95	
2	 Control	reaction	(no	radical	scavenger	added)c	 53	 33	
3	 Tempo	(added	at	t	=	0)b	 0	 0	
4	 Tempo	(added	after	3h	of	reaction)b	 50	 27	
5	 BHT	(added	at	t	=	0)b	 47	 34	










DMF, rt, 16 h
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cyclized product linear products
+ t-BuNCO
2.7b2.1ax 2.8aa 2.8ab
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Subsequently,	 stoichiometric	 experiments	 with	 Ni(L9)2	 were	 performed	 to	 test	 the	 hypothesis	 of	 the	
intermediacy	of	alkyl—Ni(I)	species	formed	via	comproportionation	of	Ni(0)(L9)2	and	in	situ	generated	alkyl—
Ni(II)	species.	 Interestingly,	 the	use	of	 stoichiometric	amounts	of	Ni(L9)2	provided	compound	2.8v	 regardless	
whether	the	reducing	agent	was	added	or	not	to	the	reaction	mixture	(Scheme	2.27).	The	formation	of	2.8v	in	the	
absence	of	Mn	needs	to	be	analyzed	with	precaution,	as	it	does	not	allow	to	rule	out	unambiguously	if	alkyl—Ni(II)	
































































2.1a, (0.20 mmol) rt 2.8v2.7e, (1.0 equiv)
2.15
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enhanced	nucleophilicity	could	be	more	prone	 to	 isocyanate	 insertion.	Conversely,	 if	a	yield	higher	 than	50%	
would	have	been	obtained,	the	intermediacy	of	alkyl—Ni(II)	species	could	have	been	supposed.	However,	the	low	
yield	and	incomplete	conversion	observed	are	an	ambigous	result.	Further	experiments	are	required	to	answer	
the	 question	 whether	 primary	 alkyl—Ni(I)	 species	 are	 needed	 for	 isocyanate	 insertion.	 For	 example,	 two	
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of	 a	Ni-terpyridine-type	 ligand	 and	CH3I,	which	 lacks	b-hydrogens.23	Disappointing	 results	were	 found	by	 the	
authors	when	1-iodo-3-phenylpropane	was	 used,	 as	 no	 isolable	Ni(II)	 complex	was	 observed	and	 instead	 the	
reaction	yielded	the	homodimer	product	and	NiL2I2.	Weix	and	co-workers	reported	the	synthesis	and	in	situ	use	
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coupled	under	optimized	reaction	conditions.	In	some	cases,	 the	 formation	of	urea,	during	 the	 reaction	or	 the	
work-up,	 challenged	 the	 isolation	 of	 the	 desired	 products.	 Possible	 side-products	 from	 the	alkyl	 bromide	 are	
olefins,	 generated	 by	 b-hydride	 elimination,	 reduced	 product	 arising	 from	 protodemetallation,	 and	














The	 first	 approach	 towards	 the	 optimization	 of	 reaction	 conditions	 using	 alkyl	 chlorides	was	 performed	






Entry	 Deviation	from	Standard	Conditions	 Conversion	of	2.5m	(%)a	 Yield	of	2.8b	(%)a	
1	 none	 0	 0	
2	 60	°C	 0	 traces	
3	 60	°C,	TBAI	(1	equiv)	 86	 44	
4	 40	°C,	TBAB	(1	equiv)	 37	 30	
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Encouraged	 by	 these	 results,	 a	 more	 detailed	 screening	 was	 performed	 using	 commercially	 available	 1-
chloroheptane.	The	first	variable	to	be	evaluated	was	the	reaction	temperature	in	the	presence	of	TBAB	or	NaI	–	
two	of	the	successful	additives	for	the	carboxylation	of	alkyl	chlorides	(Table	2.9).38	Entries	2	and	6	show	that	a	





bipyridine-type	 ligands.36,38,110–113	One	might	 suspect	 the	 increased	propensity	of	 isocyanates	 to	undergo	side-
reactions	at	high	temperatures	to	be	the	main	cause	of	the	deleterious	defect;	however,	a	combination	of	the	type	




















2	 40	 45	 20	
3	 50	 58	 21	
4	 60	 55	 7	




6	 40	 29	 10	
7	 50	 65	 6	
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Entry	 Additive	 Conversion	of	2.5n	(%)a	 Yield	of	2.8t	(%)a	
1	 TBAB	 71	(72)	 29	(28)	
2	 TBAI	 66	(74)	 24	(27)	
3	 TBAC	 38	 4	
4	 LiCl	 21	 1	
5	 LiBr	 60	 11	
6	 NaBr	 64	 19	
7	 NaI	 68	(75)	 22	(25)	
8	 MgBr2	 50	 0	
9	 MgCl2	 23	 0	










2	 DMA	 81	 29	




5	 DMA	 79	 26	




8	 DMA	 86	 27	






containing	 solvents	 tested	 were	 chosen	 as	 they	 had	 previously	 afforded	 good	 reactivity	 in	 the	 amidations	
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1	 2,2’-bipyridine	(L7)	 93	 33	
2	 6-methyl-2,2’-bipyridine	(L8)	 90	 37	
3	 6,6’-dimethyl-2,2’-bipyridine	(L9)	 100	 23	
4	 6-methyl-4,4’-diphenyl-2,2’-bipyridine	(L14)	 89	 33	
5	 6-methyl-4,4’-dimethyl-2,2’-bipyridine	(L15)	 92	 28	
6	 6,6'-dimethyl-4,4'-diphenyl-2,2'-bipyridine	(L16)	 100	 16	
7	 4,4'-bis(4-methoxyphenyl)-6,6'-dimethyl-2,2'-bipyridine	(L17)	 100	 24	
8	 5,5'-dimethyl-2,2'-bipyridine	(L18)	 91	 39	
9	 neocuproine	(L2)	 100	 20	
10	 bathocuproine	(L5)	 94	 15	
11	 1,10-phenanthroline	(L11)	 88	 19	
12	 2-methyl-1,10-phenanthroline	(L19)	 90	 16	
13	 6,6''-dimethyl-2,2':6',2''-terpyridine	(L12)	 100	 25	
14	 PPh3	(L13)	 96	 27	




With	 these	new	conditions,	a	 set	of	bipyridine-,	phenanthroline-type	and	phosphine	 ligands	was	screened	









40 °C, 48 h








R1 = Me; R2, R3 = H, L8









R4 = Me; R5, R6 = H, L19
L18
R1, R2 = Me; R3 = Ph, L16
R1 = Me; R2 = H; R3 = Ph, L14
R1, R2 = Me; R3 = H, L9
R2
R1, R2, R3 = H, L7
R1 = Me; R2 = H; R3 = Me, L15
R1, R2 = Me; R3 = p-OMePh, L17
R5
R4, R5 = Me; R6 = H, L2
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these	 results	 might	 indicate	 that	 the	 amidation	 of	 primary	 alkyl	 chlorides	 could	 be	 performed	with	 ligands	














Entry	 Ni	source	 Conversion	of	2.5n	(%)a	 Yield	of	2.8t	(%)a	
1	 NiI2	 64	 51	
2	 NiBr2·diglyme	 73	 51	
3	 NiBr2·glyme	 74	 38	
4	 NiBr2	 55	 4	
5	 NiCl2·glyme	 69	 47	
6	 NiCl2	 67	 47	
7	 Ni(acac)2	 34	 6	



















40 °C, 48 h
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2.5. Conclusions	
This	 chapter	 summarizes	 the	 efforts	 towards	 the	 development	 of	 a	 Ni-catalyzed	 reductive	 amidation	 of	
unactivated	primary	alkyl	halides	with	 isocyanates.	Starting	 from	alkyl	bromides	and	using	a	catalytic	 system	
based	on	the	combination	of	nickel	bromide,	bipyridine-type	ligands	and	Mn	as	the	reducing	agent,	the	competitive	
side-reactions	common	 to	unactivated	alkyl	electrophiles	could	be	surmounted	and	good	yields	of	 the	desired	
aliphatic	 amides	 were	 achieved.	 The	 mild	 reaction	 conditions	 characteristic	 of	 reductive	 cross-electrophile	
coupling	 protocols	 allowed	 for	 a	 broad	 functional	 group	 tolerance	 and	 for	 the	 coupling	 of	 alkyl	 and	 aryl	
isocyanates.	However,	under	optimized	reaction	conditions	only	bulky,	electron	rich	isocyanates	could	be	used	as	




occurs	 via	 radical	 intermediates,	and	 that	 alkyl—Ni(I)	 species	might	 be	 involved	 in	 the	 reaction	 and	precede	
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Reagents.	NiBr2	 (anhydrous,	 98%	purity,	 a	better	 reproducibility	was	 found	when	 stored	 in	a	 glovebox),	
manganese	 powder	 (99.9%	 trace	metal	 basis),	 1-bromo-4-phenylbutane	 (95.0%	purity),	 tert-butyl	 isocyanate	
(97%	purity),	 and	 cyclohexyl	 isocyanate	 (98%	purity)	were	 purchased	 from	Aldrich.	Other	 isocyanates	were	
purchased	from	TCI	(NOTE:	the	purity	of	the	isocyanates	was	found	crucial	for	the	reaction;	higher	yields	and	better	
reproducibility	were	achieved	by	purifying	the	isocyanates	through	a	short	plug	of	dried	neutral	alumina	inside	a	
nitrogen-filled	 glovebox.	 Old	 batches	 of	 isocyanates	 provide	 consistently	 lower	 yields	 and	 variable	 results).	
Anhydrous	N,N-dimethylformamide	(DMF,	99.8%	purity)	and	anhydrous	N,N-dimethylacetamide	(DMA,	99.5%	




6-Bromo-2,2-dimethylhexanenitrile,	 exo-2-bromonorbornane	 (98%)	 were	 purchased	 from	 Aldrich.	 4-
bromotetrahydropyran	 was	 purchased	 from	 Fluorochem.	 1-bromoadamantane	 was	 purchased	 from	 Fluka.	
Compounds	 1-bromo-4-(4-methoxyphenyl)butane,115,	 116	 4-(6-	 bromohexyl)phenyl	 pivalate,36	 1-bromo-6-(tert-







residual	 CHCl3	 (7.26	 ppm),	 unless	 otherwise	 indicated.	 All	 13C-NMR	 spectra	 are	 reported	 in	 ppm	 relative	 to	
residual	 CHCl3	 (77.2	 ppm),	 unless	 otherwise	 indicated,	 and	 were	 measured	 with	 1H	 decoupling.	 Coupling	
constants,	J,	are	reported	in	Hertz.	HSQC,	HMBC,	DEPTQ	and	COSY	experiments	were	used	to	assist	the	assignment	
of	the	signals.	Melting	points	were	measured	using	open	glass	capillaries	in	a	Büchi	B540	apparatus.	IR	spectra	
were	 measured	 on	 a	 Bruker	 Optics	 FT-IR	 GmbH	 Alpha	 spectrometer	 with	 a	 Platinum-ATR	 module.	 Gas	
chromatographic	analyses	were	performed	on	a	Hewlett-Packard	6890	gas	chromatography	instrument	with	an	












reactions,	ethyl	acetate	was	added	 to	 the	crude	and	n-decane	was	used	as	 internal	 standard.	A	sample	of	 the	
obtained	solution	was	filtered	through	a	silica-celite	plug,	eluted	with	ethyl	acetate	and	analyzed	by	GC-FID.		
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mixture	 was	 concentrated	 under	 reduced	 pressure	 and	 purified	 by	 column	 chromatography	









equiv)	 and	1,4-dibromobutane	 (3.2	mL,	 27	mmol;	 3	 equiv).	 The	 resulting	 solution	was	
heated	at	reflux	for	48	h,	then	cooled	down	to	room	temperature,	filtered	through	celite,	




















N-(tert-butyl)-5-phenylpentanamide	 (2.8b).	 Following	 general	 procedure	 B,	 1-(4-
bromobutyl)-4-methoxybenzene	 (84.0	 μL,	 107	 mg,	 0.500	 mmol;	 1	 equiv)	 and	 tert-butyl	
isocyanate	 (86.0	 μL,	 74.3	mg,	 0.750	mmol;	 1.50	 equiv)	were	 utilized	 to	 deliver	2.8b	 as	 a	
colorless	solid	(102	mg	1st	run,	100	mg,	2nd	run,	86%	average	yield).		
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N-(tert-butyl)-3-ethylheptanamide	 (2.8h).	 Following	 general	 procedure	 B,	 3-
(bromomethyl)heptane	(89.0	μL,	96,6	mg,	0.500	mmol;	1	equiv),	2.7b	(86.0	μL,	74.3	mg,	
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N-(tert-butyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butanamide	






IR	 (neat,	 cm-1):	 3305,	 2974,	 2931,	 1645,	 1543,	 1365,	 1316,	 11.	 HRMS	 (ESI+)	 [C14H28NO310B]	 (M+H)	 calcd.	
269.2271,	found	269.2270.	 
	



























N1-(tert-butyl)-N7,N7-diethylheptanediamide	 (2.8o).	Following	 general	 procedure	
B,	6-bromo-N,N-diethylhexanamide118	(125.1	mg,	0.5000	mmol;	1	equiv)	and	2.7b	(86.0	μL,	
74.3	mg,	0.750	mmol;	1.50	equiv)	were	utilized	to	deliver	2.8o	as	a	pale	yellow	solid	(116.1	
mg	 1st	 run,	 125.0	 mg	 2nd	 run,	 119.1	 mg	 3rd	 run,	 89%	 average	 yield)	 after	 purification	 through	 column	
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	N-cyclohexyl-5-phenylpentanamide	 (2.8a).	 Following	 general	 procedure	 B,	 (4-
bromobutyl)benzene	(84.0	μL,	107	mg,	0.500	mmol;	1	equiv),	cyclohexyl	isocyanate	(128.0	
μL,	128.2	mg,	1.000	mmol;	2	equiv),	NiBr2	(11.0	mg,	0.050	mmol,	10	mol%),	Mn	(55	mg,	1.0	







1635,	 1542,	 1445,	 695.	HRMS	 (ESI+)	 [C17H26NO]	 (M+H)	 calcd.	 260.2009,	 found	260.2009.	Note:	old	batches	 of	
cyclohexyl	isocyanate	provided	inferior	results.	
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N-mesityl-5-phenylpentanamide	 (2.8x).	 Following	 general	 procedure	 B,	 (4-









[C20H25NO]	 (M+H)	calcd.	296.2009,	 found	296.2016.	Note:	higher	quantities	of	2,4,6-trimethylphenyl	 isocyanate	
resulted	 in	 lower	yields	due	 to	 the	 formation	of	an	acyl	 urea	 side	product	 coming	 from	the	addition	of	a	 second	
isocyanate	molecule.		
2.7.5. Synthesis	of	N-Tertiary	and	N-Primary	Amides	via	Sequential	C-C	Bond	Formation	
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N-allyl-N-(2-methoxyphenyl)-5-phenylpentanamide	 (2.11c).	 Following	 general	
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N-methyl-5-phenylpentanamide	 (2.13).	 A	 side-necked	 sealable	 tube	 containing	 a	
stirring	bar	was	charged	with	2.11a	(124	mg,	0.500	mmol;	1	equiv),	copper(II)	triflate	(36.0	




















N-(tert-butyl)-2-methyl-4-phenylbutanamide	 (2.8z).	 Following	 general	
procedure	B,	(R)-(3-bromobutyl)benzene120	(106.6	mg,	0.500	mmol;	1	equiv)	and	2.7b	
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	((3R,4R)-4-bromo-2,2-dimethylbutyl-3,4-d2)benzene	 (2.1aw).	 A	 solution	 of	 CBr4	





















Bis(6,6’-dimethyl-2,2'-bipyridine)nickel(0)	 (2.14).	 An	 oven-dried	 Schlenk	 flask	
containing	a	 stirring	bar	was	 introduced	 into	a	nitrogen-filled	glovebox	and	charged	with	
Ni(COD)2	(550	mg,	2.00	mmol;	1	equiv)	and	anhydrous	toluene	(20.0	mL).	To	the	obtained	
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General	 procedure	C	was	 followed	but	 starting	 (6,6’-dimethyl-2,2'-	 bipyridine)nickel(II)	 dibromide	 (2.15)	
(80.5	mg,	0.200	mmol;	1	equiv),	manganese	(22.0	mg,	0.400	mmol;	2	equiv),	DMF	(0.6	mL),	6,6’-dimethyl-2,2’-
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Table 1. Crystal data and structure refinement for 2.14. 
_____________________________________________________________________ 
Identification code  2.14 
Empirical formula  C36H36N6Ni  
Formula weight  611.42 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a =  8.7671(4)Å á=  79.5270(12)°. 
 b =  11.7661(5)Å â = 74.8400(12)°. 
 c =  15.4557(6)Å ã =  89.1942(12)°. 
Volume 1512.27(11) Å3 
Z 2 
Density (calculated) 1.343 Mg/m3 
Absorption coefficient 0.678 mm-1 
F(000)  644 
Crystal size  0.30 x 0.30 x 0.04 mm3 
Theta range for data collection 1.761 to 35.086°. 
Index ranges -14<=h<=14,-18<=k<=19,-12<=l<=24 
Reflections collected  63396 
Independent reflections 12375[R(int) = 0.0242] 
Completeness to theta =35.086°  92.4%  
Absorption correction  Empirical 
Max. and min. transmission  0.973 and 0.884 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  12375/ 0/ 394 
Goodness-of-fit on F2  1.036 
Final R indices [I>2sigma(I)]  R1 = 0.0304, wR2 = 0.0790 
R indices (all data)  R1 = 0.0369, wR2 = 0.0823 
Largest diff. peak and hole  0.483 and -0.253 e.Å-3 
 
 
Table 2. Bond lengths [Å] and angles [°] for  2.14. 
_______________________________________ 
Bond lengths---- 
Ni1-N2  1.9245(8) 
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Ni1-N1  1.9296(8) 
Ni1-N3  1.9306(8) 
Ni1-N4  1.9337(7) 
N1-C2  1.3698(12) 
N1-C6  1.3755(12) 
N2-C11  1.3704(12) 
N2-C7  1.3735(11) 
N3-C14  1.3700(12) 
N3-C18  1.3758(11) 
N4-C23  1.3680(12) 
N4-C19  1.3747(11) 
C1-C2  1.4965(15) 
C1-H1A  0.9800 
C1-H1B  0.9800 
C1-H1C  0.9800 
C2-C3  1.3804(13) 
C3-C4  1.4028(16) 
C3-H3  0.9500 
C4-C5  1.3772(15) 
C4-H4  0.9500 
C5-C6  1.4022(12) 
C5-H5  0.9500 
C6-C7  1.4465(13) 
C7-C8  1.4044(13) 
C8-C9  1.3777(15) 
C8-H8  0.9500 
C9-C10  1.4014(15) 
C9-H9  0.9500 
C10-C11  1.3813(14) 
C10-H10  0.9500 
C11-C12  1.4995(14) 
C12-H12A  0.9800 
C12-H12B  0.9800 
C12-H12C  0.9800 
C13-C14  1.5003(15) 
C13-H13A  0.9800 
C13-H13B  0.9800 
C13-H13C  0.9800 
C14-C15  1.3778(14) 
C15-C16  1.4081(17) 





C16-C17  1.3762(16) 
C16-H16  0.9500 
C17-C18  1.4064(13) 
C17-H17  0.9500 
C18-C19  1.4411(13) 
C19-C20  1.4050(12) 
C20-C21  1.3726(16) 
C20-H20  0.9500 
C21-C22  1.4055(17) 
C21-H21  0.9500 
C22-C23  1.3800(13) 
C22-H22  0.9500 
C23-C24  1.4966(15) 
C24-H24A  0.9800 
C24-H24B  0.9800 
C24-H24C  0.9800 
N1A-C2A  1.3420(12) 
N1A-C6A  1.3459(11) 
N2A-C7A  1.3461(12) 
N2A-C11A  1.3461(12) 
C1A-C2A  1.5035(14) 
C1A-H1A1  0.9800 
C1A-H1A2  0.9800 
C1A-H1A3  0.9800 
C2A-C3A  1.3978(14) 
C3A-C4A  1.3845(14) 
C3A-H3A  0.9500 
C4A-C5A  1.3897(13) 
C4A-H4A  0.9500 
C5A-C6A  1.3929(13) 
C5A-H5A  0.9500 
C6A-C7A  1.4933(12) 
C7A-C8A  1.3953(13) 
C8A-C9A  1.3907(13) 
C8A-H8A  0.9500 
C9A-C10A  1.3860(15) 
C9A-H9A  0.9500 
C10A-C11A  1.3961(15) 
C10A-H10A  0.9500 
C11A-C12A  1.5041(14) 
C12A-H12D  0.9800 
C12A-H12E  0.9800 
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Table 1. Crystal data and structure refinement for 2.15. 
_____________________________________________________________________ 
Identification code  2.15 
Empirical formula  C12H12Br2N2Ni  
Formula weight  402.77 
Temperature  100(2) K 
Wavelength  null Å 
Crystal system  Orthorhombic 
Space group  Pnma 
Unit cell dimensions a =  14.6852(14)Å a=  90°. 
 b =  11.2355(8)Å b = 90°. 
 c =  8.1230(6)Å g =  90°. 
Volume 1340.26(19) Å3 
Z 4 
Density (calculated) 1.996 Mg/m3 
Absorption coefficient 7.388 mm-1 
F(000)  784 
Crystal size  0.30 x 0.25 x 0.25 mm3 
Theta range for data collection 2.774 to 32.429°. 
Index ranges -21<=h<=20,-15<=k<=10,-5<=l<=12 
Reflections collected  9284 
Independent reflections 2250[R(int) = 0.0393] 
Completeness to theta =32.429°  89.4%  
Absorption correction  Multi-scan 
Max. and min. transmission _exptl_absorpt_correction_T_max  0.7464 
  and _exptl_absorpt_correction_T_min  0.2815 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  2250/ 0/ 83 
Goodness-of-fit on F2  1.078 
Final R indices [I>2sigma(I)]  R1 = 0.0304, wR2 = 0.0673 
R indices (all data)  R1 = 0.0385, wR2 = 0.0697 
Largest diff. peak and hole  0.681 and -1.478 e.Å-3 
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Table 2. Bond lengths [Å] and angles [°] for 2.15. 
_____________________________________________________ 
Bond lengths---- 
Ni1-N1#1  1.9821(18) 
Ni1-N1  1.9821(18) 
Ni1-Br1  2.3401(5) 
Ni1-Br2  2.3510(5) 
N1-C2  1.347(3) 
N1-C6  1.353(3) 
C1-C2  1.498(3) 
C2-C3  1.392(3) 
C3-C4  1.384(3) 
C4-C5  1.384(4) 
C5-C6  1.388(3) 






















Symmetry transformations used to generate equivalent atoms:  
#1		x,	-y+1/2,	z	
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Symmetry transformations used to generate equivalent atoms:  
#1  x, -y+1/2, z 
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and	 Pd	 catalysis.5,6	 Due	 to	 the	 lower	 propensity	 of	 Ni	 to	 undergo	 b-hydride	 elimination	 compared	 to	 more	
electronegative	metals	 such	as	Pd,	Ni-catalysts	have	proven	particularly	 suitable	for	 the	formation	of	C(sp3)—
C(sp2)	 and	 C(sp3)—C(sp3)	 bonds	 from	 unactivated	 alkyl	 halides	 via	 traditional	 cross-coupling	 reactions	 with	
organometallic	 reagents,7	 reductive	 cross-electrophile	 couplings8–10	 or	 metallaphotoredox	 reactions.11–13	 The	
study	of	 the	mechanisms	of	 these	Ni-catalyzed	reactions,	which	suggested	 the	 intermediacy	of	 radical	 species,	
inspired	 the	development	of	enantioselective	 transformations	 that	 start	from	racemic	secondary	alkyl	halides.	










bonds	 within	 a	 hydrocarbon	 scaffold.18	 Different	 approaches	 have	 been	 followed	 towards	 overcoming	 these	
challenges	that	are	encountered	during	the	selective	functionalization	of	sp3	C—H	bonds,	such	as	through	the	use	








hydride	 elimination/migratory	 insertion	 reactions	 along	 the	 hydrocarbon	 chain,	 in	 a	 process	 called	 “chain	
walking”	or	“chain	running”.22,23	The	formation	of	the	active	migrating	species	can	be	triggered	by	either	reaction	
between	 the	 transition	 metal	 and	 a	 CC	 bond	 present	 in	 the	 substrate,	 or	 by	 oxidative	 addition	 to	 alkyl	
electrophiles.	Different	transition	metals	such	as	Zr,	Rh,	Ru,	Ir	and	Pd	have	been	used	to	achieve	chain-walking	
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mechanism	 for	 olefin	 isomerization	which	 takes	 place	via	alkyl	 intermediates	and	 for	which	all	 the	 steps	are	
reversible	(Scheme	3.1).24	In	this	pathway,	a	M—H	species	(I)	having	a	free	coordination	site	binds	to	the	olefin,	
and	subsequently	 triggers	a	 reversible	 syn-migratory	 insertion	across	 the	CC	bond	 to	generate	an	alkyl—M	
intermediate	 (IV).	 Subsequent	 b-hydride	 elimination	 gives	 rise	 to	 a	 new	M—H	 species	 along	 with	 an	 olefin	
intermediate	in	which	the	double	bond	has	migrated	within	the	hydrocarbon	chain	(V).	This	step	requires	a	vacant	
coordination	site	at	the	metal	and	a	syn-coplanar	rearrangement	with	the	proximal	b-hydrogen.	The	transfer	of	a	









such	 as	 the	 Shell	 higher	 olefin	 process	 (SHOP)	 for	 ethylene	 oligomerization	 to	 a-olefins	 and	 DuPont’s	
hydrocyanation	 of	 1,3-butadiene	 for	 adiponitrile	 production.25,26	 Moreover,	 in	 the	 1990’s,	 Brookhart	 and	 co-
workers	reported	cationic	Ni(II)-a-diimine	complexes	that	were	highly	active	in	the	polymerization	of	a-olefins.	
These	 catalysts	 were	 able	 to	 generate	 polymers	 with	 linear,	 unbranched	 segments	 via	 chain-walking	 olefin	
isomerization	(Scheme	3.2).23,27	These	discoveries	form	the	basis	of	the	more	recent	development	of	Ni-catalyzed	
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reported.	 In	2013,	Ong	and	co-workers	developed	a	 tandem	olefin	 isomerization/C—H	bond	 functionalization	
using	 Ni	 catalysts	 in	 combination	 with	 NHC	 ligands	 (Scheme	 3.3,	 top).	 Under	 these	 conditions,	 a	 range	 of	
heteroarenes	bearing	acidic	C—H	bonds	could	be	coupled	with	activated	a-olefins	to	form	1,1-diarylalkanes.	The	
regioselectivity	 of	 the	 reaction	 could	 be	 switched	 by	 the	 addition	 of	 an	 Al	 co-catalyst	 that	 inhibited	 olefin	
isomerization	and	resulted	 in	 the	 formation	of	 the	 linear	products.28	An	extension	 to	 the	selective	para-C—H-
alkylation	of	pyridines	was	also	reported	by	the	same	group.29	In	parallel,	Hartwig	and	co-workers	reported	the	







More	 recently,	 Zhu	 and	 co-workers	 reported	 a	 series	 of	 strategies	 for	 reductive	 Ni-catalyzed	 olefin	
isomerization/C—C	 bond	 formation	 initiated	 by	 hydrometallation	 of	 terminal	 or	 internal	 olefins	with	 in	 situ	
generated	Ni—H	species	(Scheme	3.4).	With	their	first	protocol,	aryl	iodides	were	coupled	with	olefins	bearing	a	
pendant	phenyl	moiety	to	form	1,1-diarylalkanes	by	using	a	Ni(II)-bipyridine	complex	as	catalyst.	In	this	system,	
the	 Ni—H	 species,	 required	 to	 trigger	 the	 chain	walking,	 were	 formed	 using	 PMHS,	which	 also	 acted	 as	 the	










































Et2O Me Example of 
Brookhart’s cat





toluene, 130 °C, 16 hN
N
Me









toluene, 130 °C, 16 h




■ Ni-catalyzed hydroarylation of unactivated terminal and internal olefins with trifluoromethyl-substituted arenes
CF3
Ni(IPr)2 (20 mol%)








3.6, 61% (l:b = 80:20)3.5 3.2b
UNIVERSITAT ROVIRA I VIRGILI 
AMIDE FORMATION VIA NI-CATALYZED REDUCTIVE COUPLING REACTIONS WITH ISOCYANATES 
Eloísa Sofía Serrano Robledo 





bromides	 for	 the	 in	 situ	 generation	 of	 Ni—H	 species	 had	 already	 been	 disclosed	 by	 our	 group	 for	 the	
transformation	discussed	in	Chapter	4.	Using	this	new	system,	the	aryl	halides	scope	could	be	extended	to	aryl	
bromides.	Finally,	the	Ni-catalyzed	remote	C(sp3)—H	alkylation	of	olefins	with	alkyl	iodides	was	recently	achieved	

















ligand.	This	one-pot	multicatalytic	 strategy	enables	 the	synthesis	of	 tetra-substituted	alkene	motifs	with	good	
diastereoselectivity,	which	are	difficult	to	access	otherwise.	
	
■ Ni-catalyzed chain-walking hydroarylation of olefins with aryl bromides using n-PrBr as hydride source
■ Ni-catalyzed chain-walking hydroalkylation of olefins with alkyl iodides using (EtO)3SiH as hydride source
+
3.2d 3.8a







I L1 (6 mol%)
PMHS (2.5 equiv)
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■ Ir-catalyzed isomerization/Ni-catalyzed cross-coupling










































23 °C, 18 h
Ni(OAc)2 (5 mol%)
L3 (10 mol%)
120 °C, 24 h
Ph MgBr









120 °C, 24 h
Me MgBr









■ Tandem isomerization/hydrosilylation of alkenes with tertiary silanes catalyzed by Ni-nanoparticules
Ni(Ot-Bu)2·xKCl (2 mol%)
THF, rt, 4 h
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chemoselective	 anti-Markovnikov	 hydrosilylation	 of	 unactivated	 terminal	 and	 internal	 alkenes	 using	
diphenylsilane	and	a	Ni(II)	bis(amino)amide	(N2N)	pincer	complex	3.18,	previously	developed	in	their	group.38,39	
The	 transformation	 was	 later	 improved	 by	 the	 use	 of	 Ni	 nanoparticles	 that	 catalyze	 the	 tandem	
isomerization/hydrosilylation	of	unactivated	alkenes	with	tertiary	silanes	to	afford	n-alkyl	silanes,	which	are	more	
stable	and	useful	products.	Although	a	 lower	 functional	group	 tolerance	was	observed	compared	 to	 their	first	
system,	the	scope	and	efficiency	of	the	tandem	isomerization	was	improved.	Notably,	isomeric	mixtures	of	alkanes	












alkyl	 bromides	 with	 aryl	 bromides	 using	 Mn	 as	 the	 reducing	 agent.32	 As	 for	 their	 related	 chain-walking	
hydroarylation	 of	 olefins	 (vide	 supra),	 the	 authors	 used	 n-propyl	 bromide	 as	 a	 hydride	 source,	 which	 was	
necessary	 in	 this	 case	 to	 obtain	 good	 yields	 of	 the	 desired	 1,1-diarylalkanes.	 Information	 about	 the	 reaction	
mechanism	was	obtained	by	competition	experiments	between	an	alkyl	bromide,	an	olefin	and	an	aryl	bromide	in	
the	absence	of	an	additional	hydride	source.	These	generated	comparable	amounts	of	both	cross-coupled	1,1-
■ Ni-catalyzed remote cross-electrophile coupling of alkyl bromides and aryl bromides using Zn as reducing agent
■ Ni/Ir-catalyzed remote cross-electrophile coupling of alkyl bromides and aryl bromides
+
3.8b






























3.4e, 50% (l:b = 65:1)

















blue LEDs, rt, 24 h
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and	 co-workers	 also	 described	 an	 alternative	 Ni/Ir-photoredox	 protocol	 for	 the	 remote	 cross-electrophile	
coupling	of	alkyl	bromides	and	aryl	halides.46	The	system	was	similar	to	the	one	reported	by	Lei	for	the	retained	
cross-coupling	of	the	same	starting	materials	under	metallaphotoredox	conditions;47	however,	the	chain-walking	




In	 contrast	 to	 Zhu’s	 reports,	 but	 in	 agreement	with	Weix’s	 mechanistic	 studies	 for	 their	 retained	 cross-
electrophile	couplings,48	the	remote	cross-coupling	processes	described	by	Yin	are	proposed	to	occur	via	Ni(III)	
intermediates	 (Scheme	3.8,	 top).	 In	 the	 first	 step,	 oxidative	 addition	 of	 the	 aryl	 bromide	 into	 a	Ni(0)	 species	
generates	an	aryl—Ni(II)	intermediate	(VIII).	This	is	followed	by	alkyl	radical	addition	to	afford	a	Ni(III)	species	
(IX).	Subsequent	iterative	b-hydride	elimination/migratory	insertion	of	the	Ni(III)	species	ultimately	generates	a	
benzyl-nickel(III)	 intermediate	 (XII),	 which	 after	 reductive	 elimination	 affords	 the	 desired	 product.	 The	




















bipyridine	 (and	 other	 ligands	 lacking	ortho-substituents).	 A	 thorough	 investigation	 on	 the	 effect	 of	 the	ortho-
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Zhu group proposed mecanism
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3.27h, 38% (l:b = 99:1)
■ From alkyl bromides







































3.27g, 80% (l:b = 92:8)






















3.27f, 78% (l:b = 6:94) 3.24c
3.28
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that	 the	 use	 of	 isocyanates	 as	 coupling	 partners	 could	 allow	 enable	 the	 development	 of	 a	 regiodivergent	
transformation	of	secondary	alkyl	halides	for	the	synthesis	of	aliphatic	primary	and	secondary	amides,	depending	
on	the	reaction	conditions	(Scheme	3.11).	Achieving	this	goal	requires	the	design	of	two	different	catalytic	systems	
















































3.27l, 51% (l:b = 99:1)
statistical mixture 1:1:1
■ From internal alkenes
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limited	 to	 substrates	 not	 prone	 to	b-hydride	 elimination,	 and	 afforded	moderate	 yields	 of	 the	 desired	 amide	
(3.29f).	At	the	time	that	these	results	were	published,	very	few	reductive	couplings	with	tertiary	alkyl	halides	had	
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NN
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■ No conversion■ Complex mixtures
Br









R1 R2 R1 R2
NN
Me








































































3.24z 3.24aa 3.24ac 3.24ad
3.24ag
■ Low or irreproducible yields
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3.29o	 without	 reaching	 complete	 conversion	 of	 3.24ah,	 leaving	 room	 for	 further	 optimization	 of	 other	
parameters.	Importantly,	only	trace	amounts	of	the	chain-walking	amidation	product	3.29p	were	observed	with	










1	 6-methyl-2,2’-bipyridine	(L6)	 100	 71:	6:	0	
2	 6-n-butyl-2,2’-bipyridine	(L7)	 97	 76:	7:	0	
3	 6-n-hexyl-2,2’-bipyridine	(L8)	 94	 81:	7:	0	
4	 6-isoproyl-2,2’-bipyridine	(L9)	 100	 41:	4:	0	





7	 6-methyl-4,4’-diphenyl-2,2’-bipyridine	(L12)	 100	 61:	6:	0	





10	 4,4'-dimethoxy-6-methyl-2,2'-bipyridine	(L15)	 100	 4:	0:	0	









































R1 = Me; R2, R3 = H, L6
R1 = n-Bu; R2, R3 = H, L7
R4 = Me; R5 = Ph, L17





R1 = i-Pr; R2, R3 = H,L9





R4, R5 = Me, L18
L16
R1 = Me; R2 = CF3; R3 = H, L11
R1 = Me; R2, R3 = CF3,L14
R1 = Me; R2, R3 = Ph, L12
R1 = Me; R2, R3 = Me, L13
R1 = Me; R2, R3 = OMe, L15
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Entry	 Ni	source	 Conversion	of	3.24ah	(%)a	 Yield	of	3.29o:	3.29k:	3.29p	(%)a	
1	 NiI2	 100	 69:	6:	0	
2	 NiBr2·diglyme	 71	(92)	 51:	5:	0	(68:	6:	0)	
3	 NiBr2·diglymeb	 77	 58:	5:	0	
4	 NiBr2·glyme	 55	(70)	 42:	4:	0	(52:	5:	0)	
5	 NiBr2	 100	 73:	6:	0	
6	 NiCl2·diglyme	 43	(60)	 50:	5:	0	(47:	7:	0)	
7	 Ni(COD)2	 (100)	 (75:	6:	0)	








































Isocyanate reduction, heat-to-head 
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Entry	 Deviation	from	Standard	Conditions	 Conversion	of	3.24ah	(%)a	 Yield	of	3.29o:	3.29k:	3.29p	(%)a	
1	 none	 100	 72:	6:	0	
2	 25	°C	 100	 56:	5:	0	
3	 3	°C	 100b	 80:	6:	0	
4	 DMA;	3	equiv	t-BuNCO	 100	 75:	6:	0	
5	 NMP;	3	equiv	t-BuNCO	 100	 74:	6:	0	







Entry	 Deviation	from	Standard	Conditions	 Conversion	of	3.24ah	(%)a	 Yield	of	3.29o:	3.29k:	3.29p	(%)a	
1	 none	 100	 76:	7:	0	
2	 3.0	equiv	t-BuNCO	 100	 78:	7:	0	
3	 3.0	equiv	t-BuNCO;	2.0	equiv	Mn	 100	 80:	7:	0	
4	 3.0	equiv	t-BuNCO;	2.0	equiv	Mn;	1.0	mL	DMF	 100	 78:	7:	0	
5	 Ni:L8	1:1.5	 100	 73:	6:	0	
6	 Ni:L8	1:2.5	 100	 77:	7:	0	
7	 1.0	equiv	of	Mn	 89	 60:	6:	0	
8	 3.0	equiv	of	Mn	 100	 76:	7:	0	
9	 Zn	instead	of	Mnb	 100	 47:	9:	0	
10	 2-chloroheptane;	1.0	equiv	TBACc	 38	 0:	10:	0	
11	 2-chloroheptane;	1.0	equiv	TBABc	 21	 0:	1:	0	
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are	 the	 possible	 deprotection	 of	 the	 tert-butyl	 group	 using	 Brønsted60	 or	 Lewis	 acids,61,62	 and	 the	 decreased	























































































3.29q, 76%d; 29%;b 64%c
3.29y, 51%a; 28%b; 33%c 3.29z, 63%d; 37%b; 44%c
3.29ab, 82%a; 43%b; 53%c 3.29m, 87%a; 30%b; 62%c 3.29ac, 45%a
R3 = Me, L6
NN
R3
R3 = n-Hex, L8
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From	 the	 results	 shown	 in	Scheme	3.15,	 it	 can	 be	concluded	 that	 the	 new	 reaction	conditions	enable	 the	
coupling	 of	 different	 secondary	 alkyl	 bromides	with	3.28a	 in	 high	 yields	 and	with	 excellent	 regioselectivity,	
without	 the	formation	of	 chain-walking	amidation	products.	Moreover,	 the	system	 is	not	 limited	 to	 the	use	of	




















A	 preliminary	 investigation	 of	 the	 scope	 for	 the	 isocyanate	 coupling	 partner	 was	 performed	 using	 2-
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isocyanates,	 extending	 the	 chain-walking	 protocol	 to	 the	 latter	 should	 be	 straightforward.	 However,	 several	
properties	 of	 isocyanates	 differ	 significantly	 from	 those	 of	 CO2	 and	 challenge	 the	 development	 of	 a	 remote	





positions.	Up	 to	 now	 the	carboxylation	 of	 secondary	alkyl	 halides	with	CO2	 has	 only	 been	achieved	 for	cyclic	












































- Messy crudes and some product detected by GC-MS
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1	 4,4',6-trimethyl-2,2'-bipyridine	(L19)	 97	 0:	15	
2	 6-methyl-4,4'-diphenyl-2,2'-bipyridine	(L12) 91	 0:	65	
3	 4,4'-di-tert-butyl-6-methyl-2,2'-bipyridine	(L20)	 99	 0:	22	
4	 6,6’-methyl-2,2’-bipyridine	(L1)	 100	 38:	11	
5	 6,6'-di-n-butyl-2,2'-bipyridine	(L21)	 100	 53:	6	
6	 6,6'-diisopropyl-2,2'-bipyridine	(L22)	 100	 14:	4	
7	 6,6'-dimethyl-4,4'-diphenyl-2,2'-bipyridine	(L23)	 100	 69:	3	(72)b	


























3.27s NMP (0.5 M)
t-BuNCO















R1, R3 = Me; R2 = H, L19
R1 = Me; R2 = H; R3 = Ph, L12
R1 = Me; R2 = H; R3 = t-Bu, L20
R1, R2 = Me; R3 = H, L1




R1, R2 = i-Pr; R3 = H, L22
R1, R2 = i-Pr; R3 = Ph, L25
R1, R2 = Me; R3 = Ph, L23
R1, R2 = Et; R3 = Ph, L24
R1, R2 = Me; R3 = p-OMePh, L26
R2
R1, R2 = Me; R3 = p-FPh, L27
R1, R2 = Me; R3 = p-CF3Ph, L28
UNIVERSITAT ROVIRA I VIRGILI 
AMIDE FORMATION VIA NI-CATALYZED REDUCTIVE COUPLING REACTIONS WITH ISOCYANATES 
Eloísa Sofía Serrano Robledo 
Towards a Ni-Catalyzed Regiodivergent Amidation of Secondary Alkyl Halides: Unlocking a Reactivity Relay 
 
	 135	
















1	 2,3,4,7,8-pentamethyl-1,10-phenanthroline	(L29) 93	 0	:	15	
2	 neocuproine	(L30)	 100	 29:	0	
3	 2,9-diethyl-1,10-phenanthroline	(L31)	 94	 33:	3	
4	 bathocuproine	(L4)	 100	 32:	3	
5	 2,9-dihexyl-4,7-diphenyl-1,10-phenanthroline	(L5)	 56	 0:	3	
6	 4',6,6''-trimethyl-2,2':6',2''-terpyridine	(L32)	 100	 1:	3	
7	 4-isopropyl-2-(6-methylpyridin-2-yl)-4,5-dihydrooxazole	(L33)	 53	 1:	3	
8	 2,6-Bis-[1-(2,6-diisopropylphenylimino)ethyl]pyridine	(i-PrPDI)	(L34) 35	 0:	3	
9	 2,3-Bis(2,6-diisopropylphenylimino)butane (i-PrDI)	(L35) 90	 2:	3	
	
Reaction	conditions:	3.27s	(0.50	mmol),	3.28s	(0.75	mmol),	NiI2	(2.5	mol%),	ligand	(5.0	mol%),	Mn	(1.25	mmol),	NMP	(0.5	










3.27s NMP (0.5 M)
t-BuNCO

























R1, R2 = Et; R3 = H, L31
R1, R2 = Me; R3 = Ph, L4
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of	 ligand	L23	 combined	with	 that	of	NiBr2	probably	explains	 the	 limited	conversion	observed	with	 this	nickel	
source.	This	contrasts	the	good	results	obtained	for	the	retained	amidation	with	6-n-hexyl-2,2’-bipyrdine	(L8).	









Entry	 Ni	source	 Conversion	of	3.27s	(%)a	 Yield	of	3.29p:	3.29k	(%)a	
1	 NiI2	 100	 69:	3	
2	 NiBr2·diglyme	 85	 41:	12	
3	 NiBr2·glyme	 100	 45:	3	
4	 NiBr2	 6	 1:	0	
5	 (TBA)2[NiBr2]	 15	 1:	2	
6	 NiCl2·glyme	 100	 16:	3	
7	 Ni(acac)2	 4	 0:	1	
8	 Ni(COD)2	 24	 2:	3	
9	 NiBr2(L23)	 100	 8:	3	
10	 NiBr2(L23)	and	L23	(2.5	mol%)	 97	 43:	2	
11	 NiI2(L23)		 100	 14:	1	






The	 reaction	was	 carried	 out	 at	 lower	 temperatures	with	 the	 aim	 of	 disfavoring	 the	 formation	 of	 undesired	
products	 from	 the	 isocyanate	 that	 are	 difficult	 to	 separate	 from	 the	 desired	 amides;	 however,	 incomplete	
conversion	and	a	slightly	lower	selectivity	was	observed	at	3	°C	(entry	2).	This	result	can	be	explained	by	a	slower	
b-hydride	elimination	that	results	in	higher	amounts	of	retained	product.	Despite	the	positive	effect	of	ammonium	
salts	 in	 Pd-catalyzed	 chain-walking	 transformations,66,67	 their	 use	 as	 additives	 did	 not	 lead	 to	 better	 results	
(entries	3	to	5).	Likewise,	the	use	of	iodide-containing	additives	such	as	NaI	resulted	in	disappointing	yields	(entry	
6),	and	the	addition	of	larger	amounts	of	3.28a	had	no	strong	effect	on	the	overall	amidation	yield	(entry	7).		
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1	 None	 100	 69:	3	
2	 3	°C	instead	of	10	°C	 92	 62:	6	
3	 TBAC	(1	equiv)	 96	 8:	3	
4	 TBAB	(1	equiv)	 86	 34:	2	
5	 TBAI	(1	equiv)	 82	 47:	2	
6	 NaI	(1	equiv)	 94	 12:	3	
7	 2	equiv	t-BuNCO	instead	of	1.5	equiv	 100	 66:	2	
8	 i-PrBr	(0.5	equiv)	 100	 64:	3	
9	 n-PrBr	(0.5	equiv)	 100	 58:	2	
10	 t-BuBr	(0.5	equiv)	 91	 43:	6	
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3.5. Proposed	 Mechanism	 for	 the	 Retained	 and	 Remote	 Amidation	 of	 Secondary	 Alkyl	
Bromides	
Scheme	 3.19	 shows	 a	 mechanistic	 hypothesis	 for	 the	 retained	 and	 remote	 amidation	 of	 secondary	 alkyl	
bromides.	The	retained	amidation	is	proposed	to	follow	a	similar	pathway	as	the	one	described	in	Chapter	2	for	
the	amidation	of	primary	alkyl	bromides.	Specifically,	it	is	proposed	that	the	reaction	proceeds	via	alkyl—Ni(I)	
intermediates	 (XXII),	 which	 are	 obtained	 by	 reduction	 of	 alkyl—Ni(II)	 species	 (XXI)	 via	 SET	 from	 Mn	 or	


























In	 contrast	 to	 the	 retained	 amidation,	 the	 chain-walking	 pathway	 proceeds	 via	 a	 series	 of	 b-hydride	
elimination/migratory	 insertion	 steps	 that	move	 the	metal	 along	 the	 hydrocarbon	 chain	 until	 it	 reaches	 the	
primary	sp3	C—H	bond.	It	is	speculated	that	at	the	terminal	position,	both	the	reduction	of	the	alkyl—Ni(II)	species	
(XXVIII	to	XXXI)	and	the	subsequent	isocyanate	insertion	into	the	C—Ni(I)	bond	are	sterically	favored,	therefore	
favoring	 the	 formation	 of	 the	 primary	 amide	 (XXX).	 As	 observed	 during	 the	 optimization	 of	 the	 reaction	
conditions,	the	elementary	steps	involved	in	an	effective	metal-walk	are	promoted	by	the	presence	of	p-acceptor	
ligands.	These	enhance	 the	electrophilicity	of	nickel	by	removing	electron	density	from	the	metal	center	via	a	
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the	 chain.	 Following	 the	mechanism	 proposed	 in	 Scheme	 3.19,	 one	 could	 argue	 that	 for	 a	 successful	 remote	
amidation	to	be	developed,	it	is	necessary	to	find	a	catalytic	system	capable	of	triggering	the	metal	chain-walk	at	
a	faster	rate	than	the	SET	en	route	to	the	Ni(I)	intermediate	(XXII)	that	precedes	isocyanate	insertion.	A	fast	metal-
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In	 the	 second	 section	 of	 this	 Chapter,	 efforts	 towards	 the	 development	 of	 a	 Ni-catalyzed	 chain-walking	
amidation	are	presented.	The	screening	of	different	ligands,	nickel	sources	and	additives	has	revealed	promising	
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Reagents	 and	Reaction	 Set-up.	 NiBr2	 (anhydrous,	 98%	purity,	 a	 better	 reproducibility	was	 found	when	




glovebox.	Old	 batches	 of	 isocyanates	 provide	 consistently	 lower	 yields	 and	 variable	 results).	 Anhydrous	N,N-
dimethylformamide	 (DMF,	 99.8%	 purity)	 and	 anhydrous	 N,N-dimethylacetamide	 (DMA,	 99.5%	 purity)	 were	
purchased	from	Acros	Organics	(NOTE:	it	is	critical	to	have	appropriately	dried	DMF	and	DMA	to	obtain	reproducible	
results,	since	old	batches	of	these	solvents	provided	variable	results).	Compounds	methyl	4-bromohexanoate,42	
methyl	 5-bromohexanoate,42	 1,6-diphenylhexa-1,5-diene-3,4-dione,74	 4,4'-bis(4-methoxyphenyl)-6,6'-dimethyl-
2,2'-bipyridine,75	 1,6-bis(4-(trifluoromethyl)phenyl)hexa-1,5-diene-3,4-dione76	 and	 1,6-bis(4-methoxyphenyl)-
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1	 equiv),	N-acetonylpyridinium	 chloride	 (588,	 3.42	mmol;	 2	 equiv),	 and	 NH4OAc	
(1.05	 g,	 13.7	mmol;	 8	 equiv)	were	added	 to	ethanol	 (6	mL,	 0.3	M).	 The	 resulting	
mixture	 was	 heated	 at	 reflux	 for	 16	 h	 under	 Ar.	 After	 cooling	 down,	 the	 crude	
reaction	mixture	was	filtered,	and	the	remaining	off-white	solid	washed	with	cold	
ethanol	(10	mL	x	3),	dissolved	in	CHCl3	and	washed	with	H2O.	The	organic	phase	was	separated,	dried	over	MgSO4	
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resulting	mixture	was	 heated	 at	 reflux	 for	 16	 h.	 After	 cooling	 down,	 the	 crude	 reaction	
mixture	was	filtered,	and	the	remaining	off-white	solid	washed	with	cold	ethanol	(10	mL	x	3),	dissolved	in	CHCl3	
and	washed	with	H2O.	 The	 organic	 phase	was	 separated,	 dried	 over	MgSO4	 and	 concentrated	 under	 reduced	
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reaction	 flask.	The	resulting	 reaction	mixture	was	heated	at	50	 °C	 for	3	h.	After	cooling	down	 to	 rt,	 the	crude	
reaction	mixture	was	diluted	with	40%	aqueous	ammonia	(100	mL)	and	extracted	with	DCM	(50	mL	x	3),	washed	
with	 H2O,	 brine	 and	 dried	 over	 MgSO4.	 A	 first	 purification	 through	 column	 chromatography	 on	 silica	 gel	 is	





ppm.	 IR	 (neat,	 cm-1):	3060,	2960,	2927,	2865,	1571,	1432,	1121,	1079,	800,	751,	633.	HRMS	(ESI+)	 [C16H21N2]	
(M+H)	calcd.	241.1699,	found	241.1698.	
	
General	 procedure	 C,	 preparation	 of	 secondary	 alkyl	 bromides:	 To	 a	 solution	 of	 the	 corresponding	
alcohol	 in	DCM	(0.5	M),	CBr4	 (1.2	equiv)	and	PPh3	 (1.2	equiv)	were	sequentially	added	at	0	 °C.	The	resulting	
solution	was	stirred	at	rt	 for	16	h.	After	completion,	the	crude	reaction	mixture	was	diluted	with	hexanes	and	
concentrated	to	half	its	volume	under	reduced	pressure.	The	obtained	crude	mixture	was	filtered	through	a	short	
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(3-bromoheptyl)benzene.	 Following	 general	 procedure	 C,	 starting	 from	 1-









(3-bromononyl)benzene.	 Following	 general	 procedure	 C,	 starting	 from	 1-
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present).	 Acid	 quench	 was	 followed	 by	 the	 addition	 of	 distilled	 water	 (ca.	 10	 mL)	 and	 by	 extraction	 with	
dichloromethane	(3	×	25	mL).	The	obtained	solution	was	washed	with	brine	(40	mL),	dried	over	MgSO4,	filtered	
and	 the	 solvent	 was	 evaporated	 under	 reduced	 pressure.	 The	 crude	 product	 was	 purified	 by	 column	
chromatography	(hexanes/AcOEt	or	pentane/Et2O)	to	yield	the	corresponding	products.	
	























1-benzyl-N-(tert-butyl)piperidine-4-carboxamide	 (3.29a).	 Following	 general	




with	Et3N	1%).	m.p.: 108.1 –	111.7 °C. 1H-NMR	(500	MHz,	CDCl3)	δ	7.30	(d,	J	=	4.4	Hz,	4H,	Ar),	7.27	-	7.22	(m,	1H,	
Ar),	5.24	(s,	1H,	NH),	3.49	(s,	2H,	CH2-Ar),	2.96	-	2.88	(m,	2H,	CH2),	1.97	(t,	J	=	11.6	Hz,	3H,	CH2	+	CH),	1.81	-	1.66	(m,	
4H,	CH2),	1.33	(s,	9H,	t-Bu)	ppm.	13C-NMR	(126	MHz,	CDCl3)	δ	174.6,	138.6,	129.2,	128.3,	127.1,	63.3,	53.3,	51.1,	
44.4,	 29.3,	 29.0	 ppm.	 IR	 (neat,	 cm-1):	 3349,	 2939,	 2763,	 1662,	 1645,	 1534,	 1448,	 1361,	 699.	 HRMS	 (ESI+)	
[C17H26N2O]	(M+H)	calcd.	275.2118,	found	275.2118.	
	
N-(tert-butyl)tetrahydro-2H-pyran-4-carboxamide	 (3.29b).	 Following	 general	











UNIVERSITAT ROVIRA I VIRGILI 
AMIDE FORMATION VIA NI-CATALYZED REDUCTIVE COUPLING REACTIONS WITH ISOCYANATES 
Eloísa Sofía Serrano Robledo 




δ	173.7,	67.4,	51.1,	43.1,	29.5,	28.9	ppm.	IR (neat, cm-1): 3339,	2958,	2919,	2849,	1641,	1532,	1360,	1117.	HRMS	
(ESI+)	[C10H19NO2]	(M+Na)	calcd.	208.1308,	found	208.1304.	
	










N-(tert-butyl)bicyclo[2.2.1]heptane-2-carboxamide	 (3.29d).	 Following	 general	















off-white	solid	(59.6	mg	1st	run,	51.8	mg	2nd	run,	52.7	mg	3rd	run,	64%	average	yield).	m.p.: 81.9 –	84.2 °C. 1H-NMR	
(400	MHz,	CDCl3)	δ	5.24	(s,	1H,	NH),	2.03	(h,	J	=	6.8	Hz,	1H,	CH),	1.64	–	1.51	(m,	1H,	CH),	1.32	(s,	9H,	t-Bu),	1.30	–	
1.22	(m,	3H,	CH2	+	CH),	1.07	(d,	J	=	6.8	Hz,	3H,	CH3),	0.88	(t,	J	=	7.1	Hz,	3H,	CH3)	ppm.	13C-NMR	(126	MHz,	CDCl3)	δ	
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Following	 procedure	 G	 and	 starting	 from	 ((5-bromopentyl)oxy)(tert-
butyl)diphenylsilane	(203	mg,	0.500	mmol;	1	equiv)	and	tert-butyl	isocyanate	(86.0	µL,	74.3	mg,	0.750	mmol;	1.50	
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Among	 the	 most	 studied	 methods	 for	 the	 selective	 synthesis	 of	 isolable	 vinylmetal	 species	 are	 the	
hydroboration,	-silylation	and	-stannation	of	alkynes	via	direct	or	transition	metal-catalyzed	methods.3	The	ability	
of	 transition	metals	 to	 form	highly	 reactive,	 transient	vinylmetal	 species	has	unlocked	 the	use	of	metalloid–H	
reagents	that	do	not	add	directly	to	the	alkyne	in	the	uncatalyzed	process,	as	well	as	for	the	trapping	of	vinyl-
transition	 metal	 intermediates	 with	 different	 carbon-	 or	 heteroatom-based	 nucleophiles	 or	 electrophiles.	
Frequently,	 hydrometallations	 are	 performed	 using	 discrete	 hydride	 donor	 species,	 such	 as	 silanes,	 boron	
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acrylamide,	 the	 simplest	 and	 cheapest	 monomer,	 other	 useful	 monomers	 include	 N-alkylacrylamide	 and	 N-
alkylmethacrylamides.5	 The	 acrylamide	moiety	 can	 also	 be	 found	 in	 pharmaceuticals	 and	 natural	 products,6,7	
albeit	in	a	lesser	extent	than	their	saturated	analogues.	Moreover,	the	Michael-acceptor	character	of	acrylamides	
makes	them	versatile	synthons	for	the	preparation	of	substituted	aliphatic	amides.	Therefore,	the	development	of	

































































4.3c, R = H, 69%a
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amines	 have	 been	developed.	 In	 these	methods,	 the	 use	 of	 Pd	 catalysts	 in	 combination	with	monodentate	 or	
bidentate	phosphines	affords	high	yields	of	the	desired	branched	or	linear	acrylamides	with	good	regioselectivities	
(Scheme	4.3).16–19	Although	 these	reactions	are	widely	used	 in	 industry	 for	 the	synthesis	of	acrylamides	 from	











of	 acrylamides	 was	 first	 developed	 in	 an	 intramolecular	 version	 starting	 from	 alkynylformamides	 using	 Rh	
catalysts.21	This	was	followed	by	the	intermolecular	synthesis	of	acrylamides	using	synergistic	Ni	and	Lewis	acid	
catalysis	 (Scheme	 4.4).22	 In	 this	 report,	 a	 diverse	 range	 of	N-substituted	 formamides	 could	 be	 activated	 and	
inserted	 with	 high	 regioselectivity	 across	 the	 triple	 bond	 of	 symmetric	 and	 asymmetric	 alkynes.	 The	 major	
limitations	of	the	reaction	were	the	rather	limited	scope	of	alkynes	and	the	in	situ	isomerization	of	the	initial	(E)-
acrylamide	to	give	E/Z	mixtures.	The	authors	proposed	a	mechanism	in	which	activation	of	the	formamide	by	
coordination	 to	 the	 Lewis	 acid	 facilitates	 the	 oxidative	 addition	 of	 the	 C(sp2)—H	 bond	 to	 the	 Ni(0)	 center.	
Subsequent	alkyne	coordination	sets	the	basis	for	a	regioselective	hydrometallation	by	avoiding	the	steric	clash	
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P(t-Bu)3 or PCp3 (40 mol%)
AlMe3 or BPh3 (20 mol%)
toluene
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H	 species.	 In	 both	 the	 Pd-	 and	 the	 Ni-catalyzed	 hydrocarbamoylation	 methods,	 only	 a	 small	 range	 of	 N,N-










the	 coupling	 of	 two	 isocyanate	molecules	with	 an	 unsymmetrical	 alkyne	 generated	 pyrimidine-diones.27	 The	
optimization	of	the	reaction	conditions	minimized	the	formation	of	side-products	arising	from	the	alkyne	and	the	
isocyanate	 coupling	 partners,	 both	 of	 which	 readily	 trimerize	 to	 afford	 polysubstituted	 benzenes28	 and	
isocyanurates,15	respectively.	Moreover,	the	transformations	occurred	under	mild	conditions,	and	aryl	as	well	as	
alkyl	 isocyanates	 were	 well	 tolerated.	 In	 line	 with	 the	 proposed	 pathway	 for	 the	 coupling	 of	 alkenes	 and	
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4.1.4. Ni-Catalyzed	Hydrocarboxylation	of	Alkynes	with	CO2	using	Alcohols	as	Proton	Source	
In	 2015,	 our	 group	 reported	 the	 Ni-catalyzed	 regioselective	 formal	 hydrocarboxylation	 of	 alkynes	 using	
atmospheric	 pressures	 of	 CO2	 (Scheme	 4.7).29	 In	 contrast	 to	 previously	 reported	 metal-catalyzed	
hydrocarboxylations	of	alkynes,30,31	no	organometallic	 reagents	or	 silanes	were	needed,	as	 in	 this	 case	simple	
alcohols	 could	 be	 used	as	 proton	 sources.	 The	mild	 reaction	 conditions	allowed	 for	 a	 broad	 functional	 group	





oxidative	cyclization	between	 the	nickel-center,	 the	alkyne	and	 the	activated	CO2	was	proposed	as	a	plausible	












diastereoselective	protocols	 for	 the	synthesis	of	acrylamides	bearing	different	alkyl	and	aryl	 substituents.	For	
example,	the	use	of	isocyanates	and	alkenes	under	Ni-catalysis	is	limited	to	the	generation	of	1,1-disubstituted	
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used	 account	 for	 the	 reduction	 of	 4.4h	 to	 cis-	 and	 trans-stilbene,	 and	 GC-MS-detectable	 amounts	 of	N-(tert-












elimination β-H elimination asstrategic advantage
H
Br NCO
Ni-catalyzed hydroamidation of alkynes with isocyanates (this chapter)
high chemoselectivity



































limited to terminal alkynes
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1	 2,2’-bipyridine	(L2)	 66	 8	
2	 6-methyl-2,2’-bipyridine	(L3)	 100	 44	
3	 6,6’-dimethyl-2,2’-bipyridine	(L4)	 94	 64	
4	 1,10-phenanthroline	(L5)	 0	 0	
5	 bathocuproine	(L1)	 79	 55	
6	 neocuproine	(L6)	 94	 57	
7	 2-methyl-1,10-phenanthroline	(L7)	 87	 31	
8	 6.6’’-dimethyl-2,2':6',2''-terpyridine	(L8)	 92	 18	








sources	 (Table	 4.2).	 No	 improvement	was	 observed	when	 changing	 the	 length	 of	 the	 chain	 of	 primary	 alkyl	
bromides	(entries	1	to	3),	but	higher	yields	of	the	desired	product	were	obtained	when	a	secondary	alkyl	bromide	
was	 used	 (entry	 4).	 This	 result	 can	 be	explained	by	 the	 presence	 of	additional	b-hydrogens	 that	 increase	 the	
probability	of	b-hydride	elimination	 from	the	oxidative	addition	complex.	 It	 is	 important	 to	mention	 that	only	
small	amounts	of	amidation	products	coming	from	isopropyl	bromide	were	detected	by	GC-MS	in	the	reaction	
crudes.	These	products	were	identified	as	N-(tert-butyl)butyramide	as	 the	major	side-product,	 and	as	N-(tert-

















R1, R2 = H, L2
R1 = Me; R2 = H, L3
R3 = Me; R4, R5 = H, L7
R3, R4 = Me; R5 = Ph, L1






R3, R4, R5 = H, L5
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Entry	 H	source	 Conversion	of	4.4h	(%)a	 Yield	of	4.3ae	(%)a	
1	 n-BuBr	(4.11a)	 79	 55	
2	 n-PrBr	(4.11b)	 100	 44	
3	 EtBr	(4.11c)	 100	 54	



















Entry	 Solvent	 Conversion	of	4.4h	(%)a	 Yield	of	4.3ae	(%)a	
1	 DMF	 100	 73	
2	 DMA	 58	 54	
3	 NMP	 100	 91	
4	 PhCF3	 0	 0	






source	 other	 than	 NiBr2·diglyme.	 Similar	 results	were	 obtained	with	 nickel	 salts	 having	 chloride	 or	 bromide	
counterions	(entries	1	to	4),	whereas	lower	or	no	yield	was	obtained	with	Ni(COD)2	or	Ni(acac)2,	respectively	
(entries	5	and	6).	The	higher	yields	obtained	with	NiX2	salts	could	be	explained	by	the	ability	of	halide	anions	to	
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Entry	 Ni	source	 Conversion	of	4.4h	(%)a	 Yield	of	4.3ae	(%)a	
1	 NiBr2·diglyme	 100	 91	
2	 NiBr2·glyme	 100	 84	
3	 NiBr2	 87	 81	
4	 NiCl2·glyme	 100	 86	
5	 Ni(COD)2	 77	 68	



















1	 bathocuproine	(L1)	 100	 91b	
2	 2,2’-bipyridine	(L2)	 49	 0	
3	 6,6’-dimethyl-2,2’-bipyridine	(L4)	 75	 45	
4	 1,10-phenanthroline	(L5)	 40	 0	
5	 2,9-dibutyl-4,7-diphenyl-1,10-phenanthroline	(L10)	 75	 64	
6	 2,9-dibutyl-4,7-dimethyl-1,10-phenanthroline	(L11)	 74	 66	
7	 PPh3	(L12)	 50	 38c	






























Ph Ph + i-PrBr
4.11d




R1 = n-Bu, R2 = Me, L11
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questioned	 whether	 tert-butyl	 bromide	 could	 serve	 as	 a	 better	 hydride	 source,	 as	 it	 possesses	 three	 more	
hydrogen	 atoms	 that	 statistically	 favor	 b-hydride	 elimination.	 Additionally,	 and	 in	 light	 with	 the	 knowledge	
acquired	in	Chapter	3,	it	is	unlikely	that	tert-butyl	bromide	undergoes	the	amidation	reaction.	This	hypothesis	was	
however	met	with	little	success	as	lower	yields	of	4.3ae	were	obtained	when	using	this	hydride	source	(Table	4.6,	









One	 might	 argue	 that	 this	 could	 be	 explained	 by	 the	 formation	 of	 vinyl-zinc	 species	 originating	 from	
transmetalation	of	Zn2+	with	the	in	situ	generated	vinyl-nickel	intermediates.49–51	However,	this	pathway	is	highly	










small	 amounts	 of	alkenes	 and	urea	 as	 side-products	 (entries	 5	 and	6).	 Unfortunately,	 lower	 catalyst	 loadings	
afforded	 lower	yields	and	 incomplete	conversions,	even	when	running	 the	reaction	 for	 longer	periods	of	 time	
(entry	7).	Finally,	no	reactivity	was	observed	when	omitting	the	nickel(II)	salt,	the	ligand,	the	manganese,	or	the	
	
Entry	 Deviation	from	Standard	Conditions	 Conversion	of	4.4h	(%)a	 Yield	of	4.3ae	(%)a	
1	 none	 100	 91b	
2	 t-BuBr	(4.11e)	 100	 69	
3	 Zn	instead	of	Mn	 100	 54c	
4	 50	°C	instead	of	rt	 73d	 15	
5	 1.0	equiv	of	t-BuNCO	instead	of	1.5	equiv	 100	 67	
6	 1.1	equiv	of	i-PrBr	instead	of	1.5	equiv	 89	 70	
7	 5	mol%	NiBr2·diglyme	instead	of	10	mol%	 85	 83	
8	 Leaving	out	NiBr2·diglyme	 0	 0	
9	 Leaving	out	L1	 0	 0	
10	 Leaving	out	Mn	 0	 0	













Ph Ph + i-PrBr
4.11d
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Entry	 H	source	 Conversion	of	4.4h	(%)a	 Yield	of	4.3ae	(%)a	
1	 	Me(EtO)2SiH	(0.75	mmol)b	 64	 17	
2	 H2	 86	b	 0	
3	 NaBH4	 89	 0	











crystallography	 (4.3ap)	 (Scheme	 4.10).	 Under	 the	 optimized	 conditions,	 symmetrical	 diaryl-alkynes	 could	 be	
employed	regardless	of	the	electronic	properties	of	the	substituents	present	in	the	aryl	moiety	(4.3ae	to	4.3aj).	
Aryl-alkyl-substituted	alkynes	could	be	as	well	accommodated,	albeit	with	a	slight	erosion	in	diastereoselectivity	
(4.3ak	 to	 4.3aq).	 Substrates	 commonly	 used	 in	 Ni-catalyzed	 cross-coupling	 reactions	 afforded	 the	 desired	
acrylamides	in	good	yields,	as	no	competitive	benzamide	formation	or	other	side-reactions	were	observed	for	aryl	
pivalates	(4.3af),	chlorides	(4.3ag)	and	tosylates	(4.3ap).56,57	In	contrast	to	the	nickel-catalyzed	amidation	of	alkyl	
bromides,35	 but	 in	 parallel	 to	 the	 amidation	 of	 aryl	 pivalates,37	 nitrile	 groups	 could	 be	 tolerated	 (4.3aq).	
Gratifyingly,	 internal	 dialkyl	 alkynes	 could	 be	 used	 as	 substrates	 delivering	 the	 corresponding	 products	 in	
moderate	yields	(4.3ar	and	4.3as),	although	a	slight	modification	of	the	reaction	conditions,	using	neocuproine	as	


















H source (1.5 equiv)
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studied.	 Scheme	 4.11	 shows	 that	 a	 broad	 array	 of	 silyl-substituted	 alkynes	 could	 be	 used	 to	 generate	 the	
corresponding	acrylamides	 in	good	yields	and	with	high	selectivity.	 In	all	 cases,	 the	amide	group	was	 located	
adjacent	to	the	aryl	or	vinyl	groups,	which	stabilize	the	vinyl-nickel	intermediate.	For	substrates	such	as	4.3bh,	
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mixtures	 of	 side-products,	 presumably	 corresponding	 to	 the	 reduction	 of	 the	 ketone	 and	 ester	moiety,	 were	



























































4.3ay, R = OPiv, 80%
4.3az, R = OTs, 99%
4.3ba, R = OMe, 76%
4.3bb, R = BPin, 63%
4.3bc, R = CO2Me, 70%
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The	 use	 of	 different	 alkyl	 and	 aryl	 isocyanates	 in	 combination	 with	 1,2-diaryl	 and	 silyl-aryl-substituted	
alkynes	is	shown	in	Scheme	4.13.	In	parallel	with	Chapter	2,	only	bulky	and	electron	rich	isocyanates	could	be	
employed.	 Conversely	 in	 this	 transformation,	 an	 alkyl	 isocyanate	 containing	 a	 styrenyl	 motif	 was	 tolerated	
(4.3bn).	 Compared	 to	 the	 amidation	 of	 alkyl	 bromides,	 no	 re-optimization	 of	 the	 reaction	 conditions	 was	
necessary	in	order	to	accommodate	the	different	successful	isocyanates,	and	the	reactions	afforded	even	higher	
yields	 of	 the	 desired	 products.	 Moreover,	 the	 formation	 of	 isocyanate	 side-products,	 such	 as	 urea	 and	
isocyanurates,	was	rarely	observed	and	the	reaction	crudes	were	cleaner	than	those	obtained	when	using	alkyl	
bromides	as	coupling	partners	(Chapters	2	and	3).	The	rationale	behind	this	observation	could	be	that	the	alkyne,	
having	a	 stronger	s-donor	p-acceptor	character,	competes	with	 the	isocyanate	for	coordination	 to	 the	nickel-
center,	which	could	prevent	undesired	isocyanate	decomposition.	Another	plausible	explanation	would	be	a	faster	
isocyanate	 insertion	 that	 diminishes	 the	 probability	 of	 the	 isocyanate	 undergoing	 unproductive	 pathways.	
However,	no	kinetic	experiments	for	either	transformation	were	performed	and	with	the	present	experimental	
results	it	is	not	possible	to	compare	the	reaction	rates.	
■ Low or no conversion
■ Unsatisfactory yields & regio- or diastereoselectivity



























4.4be, 46%, E/Z = 19:1
OMOM
PivO
4.4bf, 54%, E/Z = 7:1
Ph
OBn
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■ No acrylamide formation
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conditions	 for	 the	 deprotection	 of	 tert-butyl	 acrylamides	 in	 neat	 TFA	 (Scheme	 4.15,	 left).10,62	 Moreover,	
protodesilylation	triggered	by	fluoride	anions	afforded	terminal	acrylamide	4.13	in	high	yield.	The	synthesis	of	











methyl	 iodide	was	used.	The	addition	of	benzyl	bromide	only	 led	 to	 its	homocoupling,	and	 the	use	of	benzoyl	
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necessary	 to	 prepare	 the	 corresponding	N-tert-butyl-methyl	 amide.	 Starting	 from	4.16,	 the	 desired	 halogen-
substituted	acrylamides	were	obtained	in	high	yields	and	with	no	erosion	of	the	diastereoselectivity.	To	address	
the	 limitation	 of	 our	 protocol	 to	 the	 use	 of	 symmetrically	 aryl	 alkynes	 and	 extend	 the	 synthetic	 scope	 of	 the	










when	 using	 d6-	 or	 d1-isopropyl	 bromide	 75%	and	 15%	D-content	were	 observed,	 respectively.	 These	 results	
indicate	that	b-hydride	elimination	is	responsible	for	generating	the	transient	Ni—H	species,	and	also	suggests	
that	rapid	re-insertion	of	the	in	situ	generated	Ni(II)-hydrides	across	the	alkene	occurs	prior	to	alkyne	binding.	No	







i) NaH (1.5 equiv)
THF (0.23 M)
rt, 1 h
ii) MeI (1.8 equiv)






























100 °C, 16 h
ii) Pd(PPh3)4 (10 mol%)
i) NIS (as above)
81%
p-OMePhB(OH)2 (1.5 equiv)
 K2CO3 (3 equiv)
DMF (0.25 M), 90 ºC
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if	 no	 product	 formation	had	been	 observed	 or	 if	 a	 yield	 higher	 than	50%	had	been	 obtained,	 respectively.	 In	
agreement	with	the	results	obtained	in	the	deuteration	experiments,	no	product	was	obtained	in	the	absence	of	
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Olefin	 displacement,	 alkyne	 coordination	 and	 hydrometallation,	 ultimately	 generate	 an	 alkenyl	 nickel(II)	
intermediate	(XX)	that	will	lead	to	the	desired	product	via	isocyanate	insertion	into	the	vinyl—Ni	bond.	Scheme	




Unfortunately,	 the	 results	 obtained	 from	 the	 stoichiometric	 experiments	 cannot	 be	 used	 to	 rule	 out	 the	
intermediacy	of	Ni(II)	or	Ni(I)	species	preceding	isocyanate	insertion,	as	non-negligible	amounts	of	acrylamide	
where	 obtained	 in	 the	 absence	 of	 reducing	 agent	 (vide	 supra).	 However,	 this	 result	 does	 point	 against	 the	
possibility	of	generating	well-defined	alkenyl	manganese	species.	Moreover,	there	is	no	evidence	for	whether	the	
nickel(I)	intermediates	are	formed	via	comproportionation	of	Ni(II)	with	Ni(0),65–67	or	via	SET	from	Mn.68	Given	
that	Ni(I)	 species	are	more	nucleophilic,	we	 tentatively	hypothesize	 that	 isocyanate	 insertion	occurs	via	 these	
intermediates.	A	final	reductive	transmetallation	of	the	nickel-amidate	with	Mn	recovers	the	Ni(0)	catalyst	and	

































NMP (0.25 M), rt
Mn (x equiv)
i-PrBr (y = 1.5) i-PrBr (y = 0)
4.4h, (0.2 mmol) 4.2b, (1.5 equiv) 4.3ae
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b-hydride	 elimination.	 Taking	 into	 account	 that	 the	 best	 results	 for	 the	 remote	 amidation	 of	 secondary	 alkyl	
bromides	 were	 obtained	 when	 using	 ortho-substituted	 bipyridine-type	 ligands	 (vide	 Chapter	 3),	 whereas	
phenanthroline-type	ligands	gave	optimal	yields	in	the	hydroamidation	of	alkynes,	it	is	possible	that	not	only	p-
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the	deprotosilylation	or	halodesilylation	of	 trimethylsilyl-substituted	acrylamides.	The	 initial	 limitation	of	our	
methodology	 to	 the	 synthesis	 of	 symmetrically	 substituted	 1,2-diaryl	 acrylamides	 was	 surmounted	 via	 the	
formation	 of	 vinyl	 iodide	 species	 that	 were	 used	 under	 Pd-catalyzed	 Suzuki-Miyaura	 conditions	 to	 afford	
unsymmetrically	substituted	1,2-diaryl	acrylamides.	The	scope	of	our	hydroamidation	is	complementary	to	that	
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That	 same	 year,	 the	 Zhu	 group	 reported	 the	 Ni-catalyzed	 chain-walking	 arylation	 of	 unactivated	 alkyl	
bromides	 or	 olefins	with	 aryl	 bromides,	 enabled	 by	 the	 in	 situ	 generation	 of	 Ni—H	 species	 from	 light	 alkyl	
bromides	(Scheme	4.25).79	In	this	report,	the	addition	of	4.11b	ensured	that	sufficient	amounts	of	Ni—H	species	
were	available	 in	 the	 reaction,	providing	high	yields	of	 the	desired	remote	cross-coupling	products	with	high	
































































































65% (rr = >99:1)
4.26d
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residual	 CHCl3	 (7.26	 ppm),	 unless	 indicated	 otherwise.	 All	 13C-NMR	 spectra	 are	 reported	 in	 ppm	 relative	 to	
residual	 CHCl3	 (77.2	 ppm),	 unless	 otherwise	 indicated,	 and	 were	 measured	 with	 1H	 decoupling.	 Coupling	
constants,	J,	are	reported	in	Hertz.	HSQC,	HMBC,	DEPTQ	and	COSY	experiments	were	used	to	assist	the	assignment	
of	the	signals.	Melting	points	were	measured	using	open	glass	capillaries	in	a	Büchi	B540	apparatus.	IR	spectra	









General	 Procedure	 A:	 An	 oven-dried	 screw	 cap	 test	 tube	 containing	 a	 stirring	 bar	 was	 charged	 with	





washed	 with	 brine	 and	 dried	 over	 anhydrous	 MgSO4	 and	 evaporated.	 The	 residue	 was	 purified	 by	 column	
chromatography	on	a	silica	gel	(hexane/ethyl	acetate	=	30/1	to	10/1).	
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(E)-N-(tert-butyl)-2,3-di-m-tolylacrylamide	 (4.3ai).	 Following	 the	 general	
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(E)-N-(tert-butyl)-2,3-bis(3-(trifluoromethyl)phenyl)acrylamide	 (4.3aj).	


































Following	 the	 general	 procedure	 using	 1-(3-cyclopentylprop-1-yn-1-yl)-3-fluoro-
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(E)-N-(tert-butyl)-2-propylhex-2-enamide	 (4.3ar).	 Following	 the	 general	
















phenylac-rylamide	 (4.3at).	 Following	 the	 general	 procedure	 using	 6-methyl-2-
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(E)-2-(4-(1,3-dioxolan-2-yl)phenyl)-N-(tert-butyl)-3-(tert-butyldimethylsilyl)-








(E)-N-(tert-butyl)-2-phenyl-3-(triethylsilyl)acrylamide	 (4.3av).	 Following	 the	




1)	 3279,	 2952,	 2875,	 1636,	 1533,	 1285,	 1224,	 839,	 699.	 HRMS	 calcd.	 for	 (C19H31NOSi+H):	 318.2248,	 found:	
318.2244.	
	
















meth-ylbenzenesulfonate	 (4.3az).	 Following	 the	 general	 procedure	 using	 4-
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yl)benzoa-te	 (4.3bc).	 Following	 the	 general	 procedure	 using	 methyl	 4-
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(Z)-N-(tert-butyl)-3-cyclohexyl-2-(trimethylsilyl)acrylamide	 (4.3bh’).	 Following	 the	
general	 procedure	 using	 (cyclohexylethynyl)trimethylsilane	 to	 afford	 4.3bh	 (76.5	 mg,	




29.0,	 25.9,	 25.7,	 0.4	 ppm.	 IR	 (neat,	 cm-1):	 3320,	 2923,	 2850,	 1626,	 1520,	 1448,	 1246,	 839.	 HRMS	 calcd.	 for	
(C16H31NOSi+Na)	304.2067,	found:	304.2064.	
	

























(E)-N-isopropyl-2-phenyl-3-(trimethylsilyl)acrylamide	 (4.3bl).	 Following	 the	
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(E)-N-(tert-butyl)-N-methyl-2-phenyl-3-(trimethylsilyl)acrylamide	 (4.16).	 An	 oven-
dried	round	bottom	flask	was	charged	NaH	(60%	dispersion	in	mineral	oil,	340	mg,	8.50	
mmol),	 evacuated	and	back-filled	with	nitrogen.	Then,	a	 solution	of	4.3ba	 (1.55	g,	5.63	
mmol)	in	anhydrous	THF	(25	mL)	was	added	via	a	syringe	and	the	suspension	was	stirred	
vigorously	at	room	temperature	for	1	hour.	Methyl	iodide	(0.62	mL,	10	mmol)	was	added	








tube	 was	 charged	 with	 4.16	 (110.2	 mg,	 0.38	 mmol)	 and	 NCS	 (117.0	 mg,	 0.52	 mmol).	
Anhydrous	acetonitrile	(4	mL)	was	added	and	the	reaction	mixture	was	heated	at	100	°C	for	
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Table 1. Crystal data and structure refinement for 4.3ae. 
_____________________________________________________________________ 
Identification code  4.3ae 
Empirical formula  C19H21NO  
Formula weight  279.37 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  Cc 
Unit cell dimensions a = 5.827(3)Å á= 90°. 
 b = 18.141(6)Å â = 98.777(9)°. 
 c = 14.817(6)Å ã = 90°. 
Volume 1547.9(11) Å3 
Z 4 
Density (calculated) 1.199 Mg/m3 
Absorption coefficient 0.073 mm-1 
F(000)  600 
Crystal size  0.25 x 0.20 x 0.10 mm3 
Theta range for data collection 2.245 to 32.118°. 
Index ranges -8<=h<=8,-26<=k<=26,-22<=l<=22 
Reflections collected  10678 
Independent reflections 4997[R(int) = 0.0647] 
Completeness to theta =32.118°  99.7%  
Absorption correction  Empirical 
Max. and min. transmission  0.993 and 0.764 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  4997/ 2/ 193 
Goodness-of-fit on F2  1.027 
Final R indices [I>2sigma(I)]  R1 = 0.0565, wR2 = 0.1429 
R indices (all data)  R1 = 0.0596, wR2 = 0.1442 
Flack parameter  x =-1.0(10) 
Largest diff. peak and hole  0.632 and -0.300 e.Å-3 
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Table 2. Bond lengths [Å] and angles [°] for 4.3ae 
___________________________________________ 
Bond lengths---- 
C1-C2  1.347(3) 
C1-C9  1.491(3) 
C1-C15  1.521(3) 
C2-C3  1.468(3) 
C3-C8  1.403(3) 
C3-C4  1.407(3) 
C4-C5  1.396(3) 
C5-C6  1.390(3) 
C6-C7  1.396(3) 
C7-C8  1.391(3) 
C9-C14  1.399(3) 
C9-C10  1.405(3) 
C10-C11  1.398(3) 
C11-C12  1.388(4) 
C12-C13  1.395(4) 
C13-C14  1.394(3) 
C15-O1  1.236(3) 
C15-N1  1.352(3) 
C16-N1  1.483(3) 
C16-C17  1.528(3) 
C16-C18  1.535(3) 



























































UNIVERSITAT ROVIRA I VIRGILI 
AMIDE FORMATION VIA NI-CATALYZED REDUCTIVE COUPLING REACTIONS WITH ISOCYANATES 
Eloísa Sofía Serrano Robledo 



















Table 1. Crystal data and structure refinement for 4.3ap 
_____________________________________________________________________ 
Identification code  4.3ap 
Empirical formula  C23H29NO4S  
Formula weight  415.53 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P2(1)/n 
Unit cell dimensions a = 9.6344(10)Å á= 90°. 
 b = 9.5419(12)Å â = 101.317(4)°. 
 c = 24.422(3)Å ã = 90°. 
Volume 2201.4(4) Å3 
Z 4 
Density (calculated) 1.254 Mg/m3 
Absorption coefficient 0.175 mm-1 
F(000)  888 
Crystal size  0.10 x 0.20 x 0.30 mm3 
Theta range for data collection 3.264 to 28.298°. 
Index ranges -12<=h<=8,-12<=k<=12,-32<=l<=24 
Reflections collected  17729 
Independent reflections 4807[R(int) = 0.0260] 
Completeness to theta =28.298°  89.0%  
Absorption correction  Multi-scan 
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Max. and min. transmission  0.966 and 0.743 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  4807/ 0/ 272 
Goodness-of-fit on F2  1.048 
Final R indices [I>2sigma(I)]  R1 = 0.0327, wR2 = 0.0857 
R indices (all data)  R1 = 0.0356, wR2 = 0.0871 
Largest diff. peak and hole  0.364 and -0.402 e.Å-3 
 
Table 2. Bond lengths [Å] and angles [°] for 4.3ap 
_____________________________________________________ 
Bond lengths---- 
C1-C6  1.3862(17) 
C1-C2  1.3918(16) 
C1-S1  1.7517(12) 
C2-C3  1.3870(17) 
C3-C4  1.3956(18) 
C4-C5  1.3930(16) 
C4-C7  1.5046(16) 
C5-C6  1.3880(17) 
C8-C13  1.3752(17) 
C8-C9  1.3769(16) 
C8-O3  1.4154(13) 
C9-C10  1.3877(17) 
C10-C11  1.3875(17) 
C11-C12  1.3906(15) 
C11-C14  1.4976(15) 
C12-C13  1.3940(16) 
C14-C15  1.3371(18) 
C14-C19  1.5100(17) 
C15-C16  1.4968(18) 
C16-C18  1.5301(18) 
C16-C17  1.5320(18) 
C19-O4  1.2330(14) 
C19-N1  1.3486(17) 
C20-N1  1.4798(17) 
C20-C23  1.5267(17) 
C20-C21  1.5270(18) 
C20-C22  1.5339(16) 
O1-S1  1.4252(9) 
O2-S1  1.4269(9) 
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Table 1. Crystal data and structure refinement for 4.3az 
_____________________________________________________________________ 
Identification code  4.3az 
Empirical formula  C21H33NO3Si  
Formula weight  375.57 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P2(1)/c 
Unit cell dimensions a = 10.0373(8)Å a= 90°. 
 b = 20.8698(17)Å b = 91.723(2)°. 
 c = 10.3716(8)Å g = 90°. 
Volume 2171.6(3) Å3 
Z 4 
Density (calculated) 1.149 Mg/m3 
Absorption coefficient 0.127 mm-1 
F(000)  816 
Crystal size  0.50 x 0.40 x 0.20 mm3 
Theta range for data collection 2.194 to 27.471°. 
Index ranges -12<=h<=13,-27<=k<=27,-13<=l<=13 
Reflections collected  40741 
Independent reflections 4966[R(int) = 0.0260] 
Completeness to theta =27.471°  99.8%  
Absorption correction  Multi-scan 
Max. and min. transmission  0.975 and 0.75 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  4966/ 0/ 244 
Goodness-of-fit on F2  1.064 
Final R indices [I>2sigma(I)]  R1 = 0.0310, wR2 = 0.0844 
R indices (all data)  R1 = 0.0341, wR2 = 0.0862 
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Table 2. Bond lengths [Å] and angles [°] for 4.3az 
_____________________________________________________ 
Bond lengths---- 
C1-C2  1.3436(13) 
C1-Si1  1.8835(10) 
C2-C8  1.4951(13) 
C2-C3  1.5191(13) 
C3-O1  1.2368(12) 
C3-N1  1.3452(12) 
C4-C7  1.5225(14) 
C5-C7  1.5250(15) 
C6-C7  1.5261(14) 
C7-N1  1.4827(12) 
C8-C13  1.3961(13) 
C8-C9  1.3987(14) 
C9-C10  1.3902(14) 
C10-C11  1.3860(14) 
C11-C12  1.3813(15) 
C11-O2  1.4123(11) 
C12-C13  1.3953(13) 
C14-O3  1.1991(12) 
C14-O2  1.3659(12) 
C14-C15  1.5273(13) 
C15-C16  1.5249(14) 
C15-C17  1.5299(14) 
C15-C18  1.5380(15) 
C19-Si1  1.8735(11) 
C20-Si1  1.8708(11) 
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4.3an E/Z = 14:1
F
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4.3ao E/Z = 15:1
OCF3
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4.3ap E/Z = 14:1
OTs
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4.3ar E/Z = 6:1c
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Finally,	 the	 Ni-catalyzed	 reductive	 couplings	 with	 isocyanates	 developed	 during	 this	 Doctoral	 Thesis	
complement	the	previous	methods	for	the	metal-catalyzed	synthesis	of	amides	via	C—C	bond	formation.	Our	work	
grants	access	to	a	broad	scope	of	aliphatic	amides	and	acrylamides,	including	hindered	combinations	that	are	often	
difficult	 to	 prepare	 via	 traditional	 coupling	 of	 activated	 carboxylic	 acid	 derivatives	 and	 amines.	 The	 use	 of	
isocyanates	 for	 the	 formation	 of	 aliphatic	 amides	 has	 inspired	 the	 development	 of	 a	 metallaphotoredox	
transformation	using	these	synthons	with	alkyl	silicates	employing	dual	Ni/Ir-catalysis.	This	method	circumvents	
the	use	of	metallic	reductants,	and	offers	a	broader	scope	of	iso(thio)cyanates.	Moreover,	the	discovery	of	the	in	
situ	 formation	of	Ni—H	species	 from	 light	alkyl	bromides	has	already	 inspired	other	members	of	 the	organic	
chemistry	community	for	the	development	of	Pd-	and	Ni-catalyzed	transformations.	
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